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Abstract 
 
Increasing pressure from environmental groups and the wide use of the composites have 
encouraged the researchers to use renewable resources reinforcements. This project 
investigates the usage of available bagasse fibre reinforced vinyl ester composites. Tensile 
and thermal properties of the developed composites were studied. Two types of post curing 
techniques were employed as conventional oven and microwave oven. Optical microscope 
was used to analyse the surface characteristics such as the level of adhesion between the 
fibres and the resin. Different volume fractions from 5% of fibre wt to 25% of wt are used in 
this study to find the optimum. The results of current work revealed that the 15% wt fraction 
has highest young’s modulus in both conventional and microwave wave cases which is 
3700MPa and 3400MPa respectively. And also the tensile strength for the conventional oven 
case looks similar for 5-15 % wt fractions which is around 24-26MPa, where as in 
microwave case 25% wt fractions has highest strength which is around 35MPa. 
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Chapter 1 
Introduction 
1.1 Introduction 
Natural fibres are several waste cellulosic products that have been made as suitable 
alternatives to synthetic reinforcements for composites in many applications. According to 
Gamstedt, Almgren, 2007 these obtained fibres also possess good properties such as low 
density, low pollutant emission, biodegradable, high specific properties and low cost.  
Different studies have been carried out to develop different manufacturing processes and to 
study the mechanical properties of these composites. These fibre-composites structures are 
playing a vital role almost every sphere material technology. Every year, around 35 million 
tonnes of natural fibres which are obtained from plants and animals ( e.g. sheep, rabbits, 
goats, camels and alpacas, from cotton bolls, abaca and sisal leaves and coconut husks, and 
from the stalks of jute, hemp, flax and ramie plants) harvested by farmers. According to 
Textile School (2010) „Fibres can turn into fabrics, ropes and twines that have been 
fundamental to society since the dawn of civilization. But over the past half century, natural 
fibres have been displaced in our clothing, household furnishings, industries and agriculture 
by man-made fibres with names like acrylic, nylon, polyester and polypropylene‟. Natural 
fibres are of major economic importance to many developing countries which include10 
million people in the cotton production in West and Central Africa, 4 million small-scale jute 
farmers in Bangladesh and India and one million silk industry workers in China. These are 
some of the statistics which shows that the natural fibres plays important role in developing 
countries economy. Now a day‟s mattresses are manufacturing with coconut fibre which have 
natural resistance to fungus and mites. Hemp fibre has antibacterial properties, for example 
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many studies show that linen is the most hygienic textile for hospital bed sheets. Natural 
fibres have good properties in which they possess good mechanical strength, low weight and 
low cost. From these properties they are particularly attractive to the automobile industry. For 
example, each and every year in Europe, car industries are using an estimated 80 000 tonnes 
thermoplastic panels which are reinforced with natural fibres. India has developed composite 
boards made from coconut fibre that is more resistant to rotting than teak. 
1.2  Background 
 Sugarcane is one of the main crops which account a lot of money in Australia‟s economy. 
According to Australian Sugar Milling Council, 2011 sugarcane accounts $1.5-$2.5 billion 
per year in Australia‟s economy.  In 2002, approximately around 38 million tonnes was 
crushed in the QLD and NSW states. A research done by Covey et al. (n.d) stated that several 
years before many paper industries depend on the Harwood pulp. As the decrease amount of 
Harwood resources and the limited availability of forests which results the increasing demand 
of the sugarcane bagasse pulping. By using the sugarcane fibre cellulose as a bio natural fibre 
any product developed with the reinforcement with this product can be based on the natural 
green raw materials due to its biodegradable material. According to Jeefferie et al. (2011) the 
fibre from sugarcane has a property of natural filler reinforcement which plays a important 
role in enhancing the performance of composites. This composite prepared by sugarcane fibre 
has many advantages in which they have lower density, reasonable cost, recyclable and 
renewability. Jeefferie et al. (2011) explains that the admirable properties of the sugarcane 
make the reinforcement of choice by the industries. Natural fibres such as sugarcane can be 
replaced by other synthetic and conventional fibres due to environmental issues. 
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1.3  Research Aims and Objectives 
The main aim of the project is to study the possibility of using the sugarcane fibre as 
reinforcements for polymeric composition and to study their effect on the mechanical and 
thermal characteristics of the newly developed composite. In addition, the effect of the fibre 
loading on the mechanical properties of the composites is considered. The main objective of 
the project is to  
 Prepare the sugarcane fibre from waste sugarcane plant to be as reinforcement. 
 Develop vinyl ester composite based on the prepared sugarcane reinforcements 
 Studying the effect of fibre loading fraction on the mechanical properties of the 
developed composites. 
 Studying the effect of curing methods (conventional and microwave ovens) on the 
mechanical properties of the composites 
1.4  Thesis organization 
This dissertation is divided into 6 chapters. Chapter 1 explains the introduction of the 
research topic and explained the aims and objectives and background of the project. Chapter 
2 will summarize the details on the literature review before carry out the preparation of the 
composite. Next in chapter 3 explains the research methodology to prepare the composite 
material. And this chapter also discuss the tests carried out on the samples to achieve the 
mechanical properties. Chapter 4 presents the results and discussion from the tests carried out 
in chapter3. Finally, the results obtained as well as knowledge learnt from the project is 
summarized as conclusion in chapter 5.  
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Chapter 2 
Literature Review 
2.1  Introduction 
Fibre reinforced in polymeric composition is used in many applications because the fibre can 
able to increase great mechanical properties such as tensile and fracture toughness of the 
composition. The project is based on using the sugarcane bagasse reinforced with Vinyl Ester 
resin (HETRON 922PA).The literature review discusses about the natural fibres advantages 
and its applications. It also discuss about the chemistry of resins and its applications. The 
advantages of resins after adding different volume fraction to prepare a composite material is 
also discussed. Different curing techniques used to observe the characteristics of the material. 
Finally, the tests carried out to observe the properties of prepared composite material are also 
discussed. 
2.2  Natural Fibres 
According to Textile School (2010) Natural fibres are hair like structure which can be like 
continues filament or like an elongated pieces. These fibres can be converted into nonwoven 
fabrics such as paper, web structures.  These natural fibres can also be defined as 
agglomeration of cells in which the diameter is negligible when compared with its length. 
These fibres can be wound into filaments, threads and ropes.  
In Egypt, people used to construct walls by using clay and straw recognised as the first 
composite material. Natural fibres are classified into many types as shown in figure 2-1 
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Natural fibres possess a wide range of properties in which they have good absorbency, poor 
resilience which means it cannot return to its original state after distributed, good conductor 
of electricity, flammable and not damaged by alkalis (a strong base). 
  
Figure 1 Classification of Natural Fibres 
 
Table 1 provides some of the typical properties of natural fibres. 
Property Glass Flax Hemp Jute Ramie Coir Sisal Cotton 
Density(g/cm3) 2.55 1.4 1.48 1.46 1.5 1.25 1.33 1.51 
Stiffness(kN/mm2) 73 60-80 
550-
900 
400-
800 
500 220 
600-
700 
400 
Elongation at 
break (%) 
3 1.2-1.6 1.6 1.8 2 15-25 2-3 3-10 
Moist absorption 
(%) 
- 7 8 12 12-17 10 11 8-25 
Price of Raw fibre 
($/Kg) 
1.3 0.5-1.5 0.6-1.8 0.35 1.5-2.5 
0.25-
0.5 
0.6-0.7 1.5-2.2 
Table 1 Properties of Natural Fibres 
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The Advantages of using natural fibres are these natural fibres can producible with low 
investment, which makes the material an interesting product throughout all low waged 
countries. These fibres can be easily thermal recycled. The main advantage of the fibres is 
they have low specific weight which tends to have a high specific strength and stiffness. Due 
to their bending stiffness these can be used in wide range of applications. Finally, these fibres 
can be used as renewable resource which can produce a power for some industries. 
As well as advantages, these natural fibres have some disadvantages in which they have 
lower strength than the artificial or man-made fibres. The cost of fibres depends on 
harvesting results in agriculture. These costs may fluctuate every year. They have low 
durability which can overcome with the fibre treatment. Fibres absorb moisture which can 
cause swelling in the fibres. Natural fibres possess lower strength especially impact strengths. 
These natural fibres have poor fire resistance and low processing temperatures. 
Now a day‟s fibres became popular, due to their advantages. Many industries are using the 
wood fibres to produce building products such as composite decking, window and door 
panels, decorative trims and railings. Due to high suppleness and resistance fibres are used in 
manufacturing ropes and aerofoils within an aggressive environment. 
2.3 Composite material 
A composite material is a combination of two or more materials, to achieve a unique 
combination of properties.  A composite material is prepared by reinforcing a fibre with a 
resin matrix. The reinforcement can be done by fibres, plastics and ceramics. According to 
Van Rijswijk et al. (2001) generally these composites are hybrid materials which can perform 
high mechanical and physical properties. 
   
 7 
 
Figure 2 Composite material Reinforcement 
2.4  Vinyl Ester Resin 
According to Huntsman (2004) HETRON 922 is well established Vinyl Ester which is used 
in many industrial applications. This resin is promoted as wax free, which are developed for 
their excellence performance in corrosion and chemical resistance applications.  
Vinyl ester is prepared from esterification of an epoxy resin with an unsaturated 
monocarbolic acid. The vinyl ester used in this project is Hetron 922PAS in summer and 
Hetron 922PAW in winter. This resin is dissolved in 50% by weight of the styrene. 
According to Deltech Corporation (n.d) These Vinyl esters are closely related to unsaturated 
polyesters and also epoxy resins. These were developed as a negotiation between the two 
materials, providing the effortlessness and stumpy cost of polyesters and the thermal and 
mechanical properties of epoxies. Vinyl esters can be used in liquid moulding processes such 
as RTM. This resin has a wide range of trade applications. Due to its wide usage they can be 
used as coating, slurry and mortar to meet various chemical resistance properties. 
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This resin is chemically very stable. The Bisphenol-A and Novalak molecule provides 
excellent toughness to this resin when compared to epoxy resins. According to Deltech 
Corporation (n.d) the corrosion resistance to this resin is provided by phenylether bonds. 
Limiting ester groups causes increasing alkali and hydrolysis stability when compared with 
   
 8 
unsaturated polyester resins. Commercially available vinyl esters are based on Bisphenol-A 
or Novalak backbone structures and typically use styrene monomer as the reactive diluents.  
 
 
 
Liquid Resin PAS PAW 
Reactivity at 25C, 1.25% SR Catalyst( Minutes) 35 25 
Specific Gravity at 25C 1.05 1.05 
Stability in dark(20C,80C in Months) 2,1 2,1 
Monomer Content (%) 48 48 
Barcol Hardness 30 30 
Heat Deflection Temperature at 1.82 MPa(C) 100 100 
Flexural Strength(MPa) 141 141 
Flexural Modulus (GPa) 3.4 3.4 
Tensile Strength (MPa) 86 86 
Specific Gravity 1.12 1.12 
Table 2 Typical properties of Hetron 922 PAS and PAW 
Using the Hetron 922 provides a wide range of advantages because they are excellent in 
corrosion, chemical and resistance. This resin has high impact strength and high tensile 
strength. 
As well as advantages Hetron 922 PAS and PAW resin possess few disadvantages as the 
resin has penetration smell which may cause problems to corneal damage and or blindness if 
contact. It will cause skin corrosion and burning if contacted areas are not treated. 
Due to its various properties these resin can be used in various engineering fields. They are 
use to manufacture corrosion resistant tanks, pipes, vats, process vessels, pumps and 
scrubbers. Suitable for flake-glass or fibreglass reinforced linings, coatings Monolithic 
toppings on tanks, vats, floors etc. 
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2.5  Bagasse and its properties 
Bagasse is eco-friendly and compostable disposable ingredient that came from sugarcane 
fibre leftover after juice extraction. After pulping, industries burn this residue which creates 
air pollution. This sugarcane fibre can be re-used by making them into disposable products. 
Some industries use this bagasse in boilers which produces steam to generate power. The 
tableware has no plastic or wax lining applied to it and can be used for both hot and cold 
items. Sugarcane area and productivity differ widely from country to country. According to 
Netafim Agricultural Department (n.d) „Brazil has the highest area (5.343 million ha), while 
Australia has the highest productivity (85.1 tons/ha). Out of 90 sugarcane producing 
countries, fifteen countries (Brazil, India, China, Thailand, Pakistan, Mexico, Cuba, 
Columbia, Australia, USA, Philippines, South Africa, Argentina, Myanmar, Bangladesh) 
86% of area and 87.1% of production‟. These statistics shows that sugarcane plays vital role 
in Australia‟s economy. This product can be used as a renewable resource to produce 
electricity, when it is burned to produce steam from it. A research done by Covey et al.  (n.d) 
Diameter range of the bagasse is around 1.0-1.5mm length and 20 micron diameter. 
Generally this bagasse pulp can be product, which is similar to the hardwoods pulp. There are 
number of features in treatment process of the bagasse pulp in which some are in particular: 
Sugarcane is a seasonal crop and the mills operate to extract juice works only for half a year. 
So it is necessary to store the residue for a long time. According to Rainey (2009) there is 
chance to loss all the properties such as colour, yield and other fibre properties. So, special 
treatments require storing the bagasse to have their properties stay a long period.  
Rainey (2009) states that bagasse usually contains 30-35% of pith cells. These are tiny thin 
walled, low cellulose which do not produce paper making fibres. De-pithing treatment is 
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necessary to make bagasse as essential component as they consume large quantities of 
chemicals, which results to poor draining pulp. 
The research of Rainey (2009) also explains that the Bagasse is used as commercial product 
in different countries, where other fibres are limited and too expensive to import. So the 
production of the bagasse should have a planning to use the final product. 
Pulp strength: The bagasse produced does not have that much strength until treatment 
process is done. These produced pulp and generally similar to hardwood pulp and have their 
own properties high tear strength etc. 
Pulp properties: The bagasse pulp has general properties such as smooth and softness. 
The wide range of properties made bagasse to use as renewable resource to produce 
electricity. It can be also used as Biofuel (manufacturing paper and building materials) 
2.6  Mechanical Properties of Polymeric composition based on 
Natural fibres 
Below data shows the previous work done by researchers on the sugarcane bagasse and some 
other natural fibres. 
(Huang et al., 2011) „This project investigates the mechanical properties of sugarcane 
bagasse with mechanical activation pre-treatment on the sugarcane bagasse composites 
reinforce with poly vinyl chloride. In this project the pre-treatment of sugarcane bagasse by 
mechanical activation using a self designed stirring ball mill and surface modification of the 
bagasse with aluminium coupling agent. The effect of the MA pre-treatment has been 
observed on the unmodified sugarcane bagasse and poly vinyl chloride. Using Instron DNS-
100 universal testing machine stress strain properties such as flexural strength, tensile 
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strength and Brinell hardness were defined. The results showed that the composite reinforced 
increases from 24.2, 21.1 and 6.4MPa to 33.4, 27.0 and 8.2MPa respectively‟. 
(Rodrigues et al., 2011) ‘Investigated the tensile strength of polyester resin reinforced with 
sugarcane bagasse when modified by esterification. A glass mould with 250mm x 250mm is 
used to prepare the fibre. The polyester resin is them mixed with the modified and 
unmodified sugarcane bagasse to compare the results with pure polymer, modified and 
unmodified reinforcement. Mechanical properties such as Tensile strength and Tensile 
Modulus are investigated. The results for tensile strength show that pure polymer has highest 
strength when compared with other two reinforcements which is 19.7MPa whereas others 
have 11MPa and 12.5MPa. But when compared the two reinforcements the modified 
sugarcane bagasse with 5% wt composition have highest value. Coming to the young‟s 
modulus the modified sugarcane bagasse has highest value which is 1534.1MPa when 
compared to pure polymer and unmodified bagasse which has 894.3 and 1358.1MPa. The 
surface characteristics are observed through SEM (Scanning Electron Microscope)‟. 
(Jeefferie et al., 2011) „Studied the effect of Mechanical and Physical properties of sugarcane 
bagasse fibre reinforced with Tapioca starch. In this project they found that the prepared 
composite has a potential application which can be used for disposable packaging food 
container. Mechanical and physical properties are derived from the Impact, Flexural, water 
absorption test and Thickness swelling test. In their findings, this composite showed a good 
performance in mechanical and physical properties. Finally, results showed to develop a new 
composite material which can be used as a packaging material as it provides a great potential 
solution to echo friendly and safe packaging medium in every application‟.  
(Cerqueira et al., 2010) ‘Investigated the mechanical behaviour of a sugarcane bagasse fibre 
composite reinforced with Polypropylene. In this project, fibres were pre-treated with 10% 
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sulphuric acid and with 1% of sodium hydroxide solution. Thermokinetic mixture is used to 
mix the polypropylene and the bagasse. Mechanical properties are observed for various 
compositions from 5-20 % wt fractions. Tensile test, 3 point bending test and Impact tests are 
performed on these compositions to determine the properties. The results are compared with 
the pure polymer in which the pure polymer achieves 19.3 MPa, 955.1 MPa, and 27.5 MPa 
Tensile, Young‟s Modulus and Flexural strength respectively. Whereas, the reinforcement 
with 5% of fibre contains 22.9, 1105.5 and 34.8MPa of Tensile, Young‟s Modulus and 
Flexural Strength respectively. 10% reinforcement of fibre achieve better result when 
compared with 5, 10, 15 and pure polymer which has 23.0, 1027.1 and 35.5MPa 
respectively‟. 
(Benini et at., 2010) ‘Investigated the mechanical properties of the HIPS (High Impact 
Polystyrene) reinforced with sugarcane bagasse fibre composition after accelerated 
weathering. In this project the effect of HIPS reinforced sugarcane bagasse composites are 
observed on the visual appearance and the mechanical properties. The normal process of 
washing and drying of bagasse at 50
o
 and milled for 1hr to get them into fine particles. The 
mixture is then sieved through 45mesh to get the fibre in same diameter. Bagasse is pre 
treated with 1L alkaline solution which contains 10g of sodium hydroxide for 1 hr at room 
temperature. The results are observed for pure polymer and modified bagasse reinforced fibre 
with wt fraction of 10 and 20% wt for mercerized and 10 and 20% of bleached bagasse. The 
results shows that the pure polymer have less ultimate tensile strength of 24.6MPa when 
compared with other wt fraction which have 25.1, 27.7, 24.7, 26.3MPa respectively. A part 
form the pure polymer, the ultimate tensile strength after weathering for bleached bagasse 
fibre have highest value for both compositions (10 &20) has 24.2 and 24.2 MPa where as the 
other mercerized possess 23.8 and 22.8MPa. When comparing the results with the Tensile 
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Modulus the 20%wt fraction for both mercerized and bleached as well as after weathering 
possess highest values which are 4.8 and 4.6 MPa‟s respectively‟. 
(Mulinari et al., 2009) „Investigated the sugarcane bagasse cellulose obtained by extrusion 
with HDPE (High Density Polyethylene) composites. Natural fibres used in this study were 
pre treated and modified residues from sugarcane bagasse with HDPE to form a matrix and 
prepared with Compression Molding. The results compared with the tensile properties of both 
pure polymer and fibre reinforced composite, whereas the increase of Young‟s Modulus is 
associated with the involvement of fibre particle. The results with pure polymer have 1.96% 
elongation at break, tensile strength of 16.7MPa and Tensile Modulus of 850.9MPa. Whereas 
the cellulose HDPE composite has 1.62% elongation at break, tensile strength of 14.4MPa 
and Young‟s Modulus of 880.1Mpa. These two results are compared with 
cell/ZrO2nH2O/HDPE which has lowest elongation at break % as 1.2% and tensile strength 
and tensile modulus of 15.6 and 1342.2 MPa respectively. Composites reinforced with the 
modified bagasse presents better values in strength as the agglomeration of cells increases‟.  
(Dias et al., 2009) „Investigated the production of bioethanol and other bio-based materials 
form sugarcane bagasse. This project explains to produce 1000m
3
/day of ethanol through the 
sugarcane production area using sugarcane juice as the raw material. Ethanol can be produced 
by using sugarcane as a raw material through Organosolv process with the dilute acid 
hydrolysis. A three step analysis of sugarcane bagasse such as pre-hydrolysis of 
hemicelluloses, Organosolv delignification and cellulose hydrolysis are considered. In this 
project, two different cases were analysed for the purification are considered which are 
conventional and double effect distillation systems. the results found to be the double effect 
distillation system allows 90% of bagasse can be used as a raw material in the hydrolysis 
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process. This figure shows that the 26% increase of bioethanol production can be considered 
from the cellulose fraction‟. 
(Ganesan et al., 2006) ‘Investigated the evaluation of bagasse ash as the cementitious 
material. In this finding, ordinary Portland cement is used as construction materials for many 
years. The supplementary cement replacement materials came from the industrial wastes such 
as fly ash, furnace slag and silica fumes. In addition to these agricultural wastes such as rice 
husk ash, wheat straw ash, hazel nutshell and sugarcane bagasse ash are also used as the 
supplementary components to produce the blended cements. In this project it has been 
observed the mechanical and physical properties with the effect of BA (Bagasse Ash) content 
as partial replacement of cement. The wt fractions are prepared form 0%-30%, in which the 
mechanical properties such as compressive strength, tensile strength, water absorption, 
permeability characteristics, chloride diffusion and chloride ion penetration are measured. In 
the results it showed that the 20% of BA provides the best results than the other composition 
in all cases‟. 
(Cao et al., 2005) ‘Investigated the mechanical properties of biodegradable composites 
reinforced with bagasse fibre before and after alkali treatments.  Fibres are taken with 
different wt fractions which are 20, 35, 50 and 65%. For every wt fractions bagasse are taken 
for two conditions which are untreated and alkali treated. The alkali treatment is done with 
the NaOH solution. The fibres are soaked in to the NaOH solution at 25
o
 C for 2 hours. To 
neutralise the fibre surface it is diluted in acetic acid and washed. The results showed 
approximately 13% increased tensile strength, 14% of flexural strength and 30% of impact 
strength‟. 
(Luz et al., 2004) ‘Investigated the mechanical behaviour of polypropylene reinforced 
sugarcane bagasse composites with micro structural analysis. In this project bagasse is 
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washed, dried and milled to <1mm size particles. The 5% wt fractions fibres are prepared 
through injection molding and compression molding. In the injection molding process, 8.7-10 
wt% normal bagasse, 6.7% wt of cellulose bagasse and 10% wt of benzylated bagasse are 
prepared with mixing polypropylene. The composites are prepared under dimensions of 
165mm in length 3.2mm in thickness to test with the tensile testing machine to achieve the 
mechanical properties. The results obtained that the pure polymer which is polypropylene 
possess elongation at break of 7.2mm, tensile strength of 27.4MPa. When compared with 
fibre composite which has 3.0mm elongation at break and 18.7MPa of tensile strength. The 
Flexural properties are also determined in which pure polymer has 7.9mm elongation at break 
and flexural strength of 25.3MPa and the 5% composition has 6.9mm elongation at break and 
19.2MPa of flexural strength‟. 
(Zandersons et al., 1998) „Investigated that the Brazilian sugarcane bagasse carbonisation 
process and its product properties. The charcoal produced is appropriate for the production of 
fuel briquettes and granules for small scale industries such as household appliances. The main 
objective of this project is to obtain a combustion process with which the bagasse can be used 
as an alternative source of traditional wood for charcoal production, which results to the 
deforestation‟. 
(Jorapur & Rajvanshi, 1996) „Investigated that sugarcane leaf bagasse can be used for 
industrial heating applications. This project overviews the development of gasification 
system using low density biomass for thermal applications. In this project research has done 
for the gasifier which can handle fuels such as sugarcane leaves, bagasse, sweet sorghum 
stalks and bajara stalks. Both sugarcane bagasse and leaves are chopped and tested for the 
gasification process which mixed in any proportion. The results presented are in the range of 
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288-1080Mjh
-1
 (thermal). The results showed that product quality obtained by using 
sugarcane bagasse and leaves are much better than the oil fired operations. 
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Chapter 3 
Research Design and Methodology 
 
This chapter will clearly explain about the methodology and process undergone to finish the 
project. Methodology also includes explanation of all the equipment‟s or apparatus used to 
process the project.   
3.1  Preparation of the Fibre  
Raw material of sugarcane bagasse is obtained from CEEFC, Toowoomba. This raw material 
is most commonly used for producing paper and also power for some industries.  
 
Figure 3 Raw material of Bagasse 
Resin used as a polymer is Vinyl Ester Resin, is obtained from University of Southern 
Queensland, Toowoomba. These two components are combined together to prepare a 
composite material which can be tested further.   
Washing 
The initial step after obtaining the raw material is to wash it.  Washing process is done in four 
stages which are mentioned below. The main aim of this process is that the raw material of 
   
 18 
the bagasse is mixed with all the dust, sand and other foreign particles. So to remove these 
particles, washing is done. 
At first the raw material is soaked into water for 30mins. The time for soaking depends on the 
quantity of the raw material we have. Soaking is done because all the dust particles settle 
down and the clean bagasse floats on top of the bucket. This washed bagasse can be 
transferred into another bucket, and same process continued until the dust and sand are 
removed.  
It‟s important to wash the bagasse as many times as we can until we found that it‟s clean and 
all the dust particles are removed. In this project I washed the bagasse in hot water for two 
times.  
Bleaching is done to remove any fungus present in the wet bagasse when the raw material is 
taken from CEEFC, this process can be done by using hot water and soaks for half an hour 
and then washed with hot water. Bleaching power is used just 100g to wash every time. 
Finally, all the above three stages of washing is finished use cold water and wash the bagasse 
for two times. This is the final stage of washing; once washing is done we can see the water is 
clear without any dust particles left in the bagasse.   
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Drying 
 
 Figure 4 Drying process of bagasse 
This is the process carried out after the washing process. Main aim of this process is to 
remove the moisture in bagasse. After washing the bagasse is to be kept in the oven for 
drying. The temperatures in the oven should be kept at low which should be around 40-
50degrees. Drying should be done on depending on the quantity of the bagasse. In this 
process drying of bagasse in the oven took place for 1 day as the quantity is little bit more. 
Maintain the temperatures as mentioned above otherwise there is a chance of catching fire.  
According to Arnao et al. (2004) ‘Dried bagasse presents a gross calorific value (PCS) is 
19268KJ/Kg. Because of its moisture these net calorific value (PCI) reduces to 7563KJ/Kg. 
In addition to the increase of calorific value, decrease of moisture content reduces the volume 
of flue gases. Furthermore, the specific heat of the water vapour is almost twice the other 
gases and hence reduction of water vapours in the combustion gases will result in high 
combustion temperature which results to increase of boiler efficiency‟.  
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Crushing 
Dried bagasse is then taken for crushing. In this process a food processor is used to crush the 
material.  
It is important that the bagasse is to be crushed completely into fine particles. The crushing 
process is important as the fibre should mix with the resin properly, so it should be crushed as 
small particles. Figures 5 shows the crushed material used in the project.
 
Figure 5 Crushed Bagasse 
Compositions (%wt fractions) 
A proper volume fraction should be calculated, to design a composite lamina with certain 
amount of fibre and resin matrix. The fibres present in this have irregular and non- uniformity 
sizes, cross-sectional areas after crushing so weight fraction is used to calculate and 
converted into volume fractions. 
Lee (1985) observed in preparing synthetic fibre reinforced materials, different weight 
fractions are used to calculate the stiffness, strength and elongation percentage. The same 
procedure is used to calculate the volume fraction in natural fibres too. 
Vf =   
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Where Vf is the Volume fraction 
Wf is the weight of the fibre 
ρf is the density of fibre 
ρm is the density of resin matrix 
Below table shows the volume fraction used to prepare specimens. The volume fractions are 
0, 5,10,15,20 and 25 (in %wt of bagasse). More than 25% of weight fraction is not possible 
because the content of fibre is not mixing properly with the resin and the casting is left 
behind with some lumps of unmixed fibre. So, up to 25% is allowable for preparing casting.  
Table 3 Different %wt fractions to prepare Test specimens 
Composition 
%volume fraction 
Bagasse (in gms) 
Vinyl Ester Resin 
(in gms) 
Hardener (MEKP) 
(in gms) 
0 0 98 2 
5 5 93.1 1.9 
10 10 88.2 1.8 
15 15 83.3 1.7 
20 20 78.4 1.6 
25 25 73.5 1.5 
 
A new term Hardener is introduced in this chapter; this is used to harden the composition. 
Methyle Ethyle Ketone Peroxide (MEKP) is the name of the hardener and it is also called as 
Butanox LA. After mixing the fibre and resin the mixture will be in liquid state to make the 
composition as the fibre composite, 2% of hardener is added to make them solid.  
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It is special containers which have a scale on the tip of the container, which is used to 
measure the quantity required harden the mixture prepared. 
For example consider the 5% volume fraction, contents in the volume fraction are calculated 
as below 
Bagasse: 5gms 
The remaining 95 gms should be both Vinyl Ester resin and Hardener. In the rest of 95 gms 
composition 2% of wt fraction should be Hardener and the rest of it will be resin. 
Vinyl Ester Resin:     
  
   
 = 93.1gms 
Hardener (MEKP):    
 
   
 =1.9gms 
3.2  Preparation of the composite  
Casting 
In any manufacturing process casting is the liquid material which is poured into mold to 
attain a specific shape. In this project casting is prepared by mixing fibre, resin and hardener.  
Required amount of resin and bagasse are collected in separate plastic containers. Mixing 
should be done carefully and slowly. Little amount of bagasse is taken in hands and spread 
throughout the resin and stir it with spoon. Proper stirring should be done because there is a 
chance that fibre will not mix with resin and leave some lumps in the casting. This may result 
to specimen failure while conducting the tests. 
Care should be taken as resin has penetrating smell which may cause unconsciousness and 
also irritation to eyes. 
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Figure 6 Preparation of casting 
Finally, after mixing slowly and thoroughly MEKP is to be added to required amount and 
stirred well. After adding the casting is ready to put into mould. 
Moulding 
Moulding in the manufacturing process is the process to attain a specific shape or a pattern 
for the casting. In this project a specific pattern is selected to prepare a specimen which is 
used to test the strength and stiffness of the fibre reinforced composite. 
At first all the individual cast iron pieces are taken and cleaned by using scrapper blade. This 
is done because the surface of the moulding might not be level, to make it as even surface 
cleaning is done. After cleaning, wax is applied on the walls of the mould because when the 
casting becomes hard it will come easily from the moulding. So the wax is applied on the 
walls of the moulding.    
The prepared casting is then poured into mould with spoon; care should be taken while 
pouring the casting as it creates air bubbles inside the specimen which is called as porosity. 
To avoid these porosity as much as we can, casting should be poured slowly into mould. 
This porosity may decrease the tensile strength of the material and some samples may fail 
even when a small load was applied on them. 
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Figure 7 A set of samples after pouring the material into mould. 
For every set of volume fraction 6 samples are prepared. So in total there are 6 different 
volume fractions. There will be 36 set of total samples to be tested in the tensile machine 
when cured in conventional oven. The same 36 set of samples are prepared and tested with 
the tensile machine when cured in microwave oven. So, tensile properties of 72 set of 
samples are observed. 
3.3  Curing Process of the Composites 
Post curing is the technique which supplies additional heat to the composite material to 
achieve its full properties. According to Wallace et al. (n.d) when the epoxy is initially cured, 
the strength of the cross linking is not completed. By post curing technique these properties 
can achieve cross linking is increased and the strength of the composite is increased. 
Due to this process a proper curing agent, this can be converted into three-dimensional 
thermoset network. The main condition is to mix the resin and hardener with the fibre. This 
process can be done to make the fibre into solid material. Overheating of the material, results 
to cracks in the composite material. 
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After pouring the liquid material into the mould, these moulds are allowed to initial cure at 
ambient temperature i.e. at 20degrees. These are kept for this temperature for 24 hrs, the main 
reason for this post curing at ambient temperature is to make the samples to become solid 
state. There is a chance that the specimen would be in soft if we remove before 24 hrs of 
curing time. 
After initial curing is finished the 2 set of samples are taken and cured at two different ovens 
for post curing. 
 Conventional Oven 
 Microwave Oven 
Conventional Oven: The heat transferred in conventional oven is due to a fan inside the 
oven cavity which can circulate hot air. In this type of ovens heat transfer from the heat 
source to the item placed in the oven cavity by moving the hot air produced through the fan. 
All the molecules and atoms present in the oven cavity are heated due to the heating element 
and circulate the hot air to samples placed in the oven. This is a cyclic process where all the 
air molecules after transferring the heat they go back to the heating element to gain heat 
energy. This process repeats and the heat transferred in the oven cavity is equal at all the 
places. 
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Figure 8 Sample kept in conventional oven for Post curing 
All the samples are removed from the mould and separated as 2 sets which will differ in post 
curing techniques. The first sets of samples are placed in the conventional oven as sown in 
figure 3-8. In the figure it clearly shows all the samples are arranged in a row by writing 
percentage number to identify easily. 
The oven used in this project is fan conventional oven. This process of post curing continues 
to 3 stages. All the stages have risen their temperature to make the composite material to 
attain its properties completely. The temperatures and timings used to cure these samples in 
conventional oven are showed in table 4. 
Table 4 Different temperatures maintained in conventional oven 
Conventional Oven 
Temperatures (degrees) Time (Hours) 
50 4 
80 4 
100 2 
 
 
Microwave Oven: The preparation of composite materials using Microwave oven processing 
potentially revolutionised. The curing timings for composites when compared to 
conventionally oven are reduced from hours to minutes. For every composite material, the 
processing temperatures in the microwave would be 10-15 mins only. This helps to make 
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potential composites in commercial use within shorter cure cycles and greater efficiency. If 
the microwave curing is used for commercial purpose then it is important to understand the 
structure and the properties of the cured resins 
 
Figure 9 Sanyo Microwave filled with samples 
In this project, the second set of samples are cured in Microwave, there are some advantages 
and disadvantages using this Microwave oven. The main advantage is that the waiting time 
for curing process is just reduced from hours to minutes. And the main disadvantage of 
curing in microwave is that the all the specimens will not reach to uniform temperature. Some 
samples have high temperatures and some will not reach to the required temperature.  
A glass with half-filled water is kept with samples inside the oven. As our requirement, is to 
maintain samples at 100 degrees. So we can observe that the water boils when the 
temperature reaches to 100 degrees. At that time we can remove the specimens as they also 
reach up to 100 degrees. The temperatures maintained inside microwave oven are showed in 
table 5. 
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Table 5 Different power required to reach 100 degrees for specimens 
Microwave Oven 
Time (Minutes) Power (Watts) 
5 160 
5 240 
2 (if not reached to 100 degrees) 240 
A special digital infrared apparatus used to measure the temperatures of specimen. We can 
measure the temperature at any time to check the temperatures of the specimen. 
Actually time took to reach the specimens to 100degrees is more than the table shown in table 
5. The actual time took is 15 minutes for 1
st
 stage at a power level of 160 watts and 8 minutes 
at a power level of 240 Watts. 
3.4  Testing Procedure 
According to ASTM International (2002) for observing characteristics or properties of any 
material, mechanical tests need to be performed on the material. These tests solve some 
questions such as the how much the material can withstand the load, deformation, elongation 
etc. For example, the chips inside the computer undergo some tests because they may expand 
or contract due to the surrounding heat transfer. Mechanical strength is the major term which 
can observe from these tests. 
So, to understand the properties of prepared material, engineers follow tests such as Tensile 
test which can explain most of the properties. 
Tensile test 
This is one of the major tests carried out on every engineering material and components 
which are subjected to various loads. ASTM International (2002) states that it does not matter 
what temperature the test can be performed, as it can perform in any environment. By 
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conducting this test we can get properties such as strength, ductility of the material under 
uniaxial stress.  
When the forces are applied on the material or body, it may cause expansion. When the loads 
or forces removed from the material it will come back to its original state. The state of this 
response is called as elastic deformation. 
Similarly, when the forces applied on the body it may cause expansion. And when the load 
increases, the body which deforms due to this load can undergo plastic deformation which 
means the body cannot regain its original shape.  
Figure 10 Standard specimen for Tensile test (ASTM International (2002)) 
 
Table 6 Nomenclature of Test Specimen 
Denotion 
 A Length of reduced Section 
B Length of Gripped Section 
C Width of Gripped Section 
L Overall Length 
R Radius of the Filler 
T Thickness 
W Width 
 
The standard specimens are placed in the hydraulic wedges of the tensile machine which can 
apply force on the specimens. When the forces are we can derive some properties such as 
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Stress 
Stress is determined as the force applied over a body per area of the body. This can be 
measured in N/mm2  
Stress (σ) = Force (F)/Area (A) 
Strain 
Strain is determined as when the body is subjected to load, the change in length of the body 
due to that load divided by original length. 
Strain (Ɛ) = Change in length (∆L)/ Original Length (L) 
Tensile Strength 
Tensile strength is determined as the maximum stress applied on the body. This is the 
breaking point of the body when the force exceeds this point. It can be calculated as 
Tensile Strength= Maximum load (F)/ Original Cross sectional area (A) 
Young’s Modulus 
Young‟s modulus is defined as the stiffness of the material within the elastic limit. It can be 
measured ratio of stress over strain.  
Young’s Modulus (E) = Stress (σ)/ Strain (Ɛ) 
Yield Strength 
As mentioned above in section 2.7.1, every material when subjected to specific load can 
regain its original shape after removing load which is called as elastic limit. But when the 
load is above a certain limit where the material cannot regain its shape back is called the 
plastic limit. So the yield strength is defined as the strength at the point where the plastic 
deformation just happened. This property can be calculated as 
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Yield Strength = Yield load (F) / Original cross sectional area (A) 
The materials can be divided into two types which are brittle and ductile materials. Ductile 
material is the one which elongates more than 5% of the total fracture period. And the brittle 
material which elongates less than 5% of the total fracture period. 
For example gold, copper and silver are the ductile materials and cast iron, concrete are the 
brittle materials.  
According to Roylance (2001) the standards properties after derived, they can be shown on 
the graph which is called as Stress- Strain curve 
Extensometer 
Harper &Petrie (2003) explains that an extensometer is also called as strain gauge which 
measures stain in the material. It is a measuring device which measures changes in linear 
dimensions.  
It can be applicable to measure mechanical applications or optical measurements. 
The tensile testing is done with the Universal tensile machine which is shown in the figure 13 
 
Figure 11 Universal 810 Material Testing System 
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The gauge length was adopted for the testing process is 100mm and the test feed speed is 
0.5mm/min. After selecting all the values for the machine the test samples are taken and 
placed in to hydraulic wedges. Before placing them in to grips, vernier calliper is used to 
measure the thickness and width of the test samples. These measurements are taken at three 
different points which the computer calculates the average of both thickness and width. The 
computer just sits and connected beside the UTS machine. 
Each and every sample are measured individually and placed into hydraulic wedges of the 
testing system. An extensometer is hanged on the specimen to measure the linear dimension 
for around 20mm of the specimen. The computer says to remove the extensometer, after this 
process it will start to apply load which can automatically calculate the tensile strength of the 
specimens. Some samples may break early due to lot of porosity present in the samples. The 
measurement of a specimen is shown in the figure 17 
 
Figure 12 Sample of test piece for testing. 
These samples are clamped in between jaws vertically which are attached to the movable 
cross head of the machine. There are several jaws available but selecting the appropriate jaws 
is important. As the clamping may increase the pressure where it holds and has a chance to 
break the specimen at the place of clamping. If the small clamping pressure jaws are used 
there is a chance of slipping the test sample while conducting the specimen. We can observe 
all the reading on the screen of the computer so that is an un usual thing happen the graph 
looks little bit different, so we can stop the machine immediately.   
For personnel safety, the guarding shield is closed when the test is in progress. 
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Optical Microscope 
All the material surface characteristics can be observed through optical microscope which has 
high range of magnification. Through this magnification surface characteristics can be 
observed at the fracture of the specimen. These observations can give some recommendations 
to improve the material properties. 
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Chapter 4 
Results and Discussion 
4.1 Load elongation graphs for different wt% composition 
Table 7 Test results for 0% bagasse cured in Conventional oven 
Specimen 
# 
Avg Thick 
mm 
Avg Width 
mm 
Area 
mm^2 
Peak Load 
N 
Peak Stress 
MPa 
Elonga-tion at 
Peak mm 
Modulus 
MPa 
1 10.13    9.00    91.17    3109    34.10    -0.07    3305    
2 10.08    8.71    87.80    2008    22.87    -0.20    3753    
3 9.90    9.24    91.48    1548    16.92    -0.20    3455    
4 9.83    9.30    91.42    765    8.37    -1.73    ****    
5 9.83    9.30    91.42    2202    24.09    -0.35    3504    
6 10.01    9.26    92.72    2841    30.64    -0.43    3319    
Mean 9.96 9.14 91.00 2079 22.83 -0.49 3467 
Std Dev 0.13 0.24 1.66 857 9.31 0.62 181 
COV 1.30 2.59 1.83 41.21 40.78 -124.87 5.23 
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Figure 13 Load elongation graph for 0% Bagasse cured in Conventional Oven 
Figure 13 shows the load elongation graph of a composite sample which is prepared with 
pure Vinyl Ester resin and cured in Conventional Oven. A series of tests are conducted and 
presented in the figure13. The graph is presented between elongation (mm) which is in x-axis 
and load (N) in y-axis. From the figure it can be observed that the maximum load withstand 
by pure Vinyl ester resin is about 3109 N which has maximum elongation at the fracture is 
around 1.4mm. The maximum tensile strength can be observed at sample 1 which has 34.10 
MPa, and the young‟s modulus for this sample is 3305MPa. It can be observed that the 4th 
sample in table 7 does not carry much load which results to breaking of the specimen quickly. 
This happens at the time of preparing the sample or due to more porosity. Overall, the 
average value a pure Vinyl Ester resin can with stand is around 2079 N and the elongation at 
fracture is around 0.5mm. 
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Table 8 Test results for 5% bagasse cured in Conventional oven 
Specimen 
# 
Avg Thick 
mm 
Avg Width 
mm 
Area 
mm^2 
Peak Load 
N 
Peak Stress 
MPa 
Elonga-tion at 
Peak mm 
Modulus 
MPa 
1 9.89    9.27    91.65    1635    17.84    -0.22    3458    
2 9.81    9.78    95.94    2370    24.70    -0.01    4079    
3 10.03    9.60    96.22    2622    27.25    -0.24    3853    
4 10.09    9.37    94.54    2336    24.71    -0.31    3181    
5 9.83    9.37    92.04    2229    24.21    -0.13    2937    
Mean 9.93 9.47 94.08 2238 23.74 -0.18 3502 
Std Dev 0.12 0.21 2.14 367 3.51 0.12 469 
COV 1.25 2.19 2.28 16.39 14.78 -63.06 13.41 
 
 
Figure 14 Load elongation graph for 5% Bagasse cured in Conventional Oven 
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Figure 14 shows the load elongation graph of a composite sample which is prepared with 5% 
wt fraction of bagasse and cured in Conventional Oven. A series of tests are conducted and 
presented in the figure14. From the figure it can be observed that the maximum load 
withstand by this 5% wt fraction composite is about 2600 N which has maximum elongation 
at the fracture is around 1.05mm. From the table 8 it can be seen that the maximum Tensile 
strength is around 27.25 MPa which has a highest young‟s modulus value of 3853 MPa. 
Overall, the average value that can with stand by this composite is around 2238 N and the 
elongation at fracture is around 0.18mm. 
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Table 9 Test results for 10% bagasse cured in Conventional oven 
Specimen 
# 
Avg Thick 
mm 
Avg Width 
mm 
Area 
mm^2 
Peak Load 
N 
Peak Stress 
MPa 
Elonga-tion at Peak 
mm 
Modulus 
MPa 
1 10.01    9.26    92.66    2528    27.28    -0.02    3491    
2 10.56    10.13    106.97    1961    18.33    -0.26    3409    
3 10.27    9.84    101.02    2372    23.48    -0.39    3959    
4 9.95    8.79    87.46    2071    23.68    -0.36    3367    
5 10.04    9.50    95.35    2263    23.73    -0.65    3541    
6 9.98    9.73    97.10    2359    24.29    -0.19    3601    
Mean 10.13 9.54 96.76 2259 23.46 -0.31 3562 
Std Dev 0.24 0.47 6.75 209 2.89 0.21 213 
COV 2.34 4.96 6.98 9.27 12.31 -68.29 5.97 
 
 
Figure 15 Load elongation graph for 10% Bagasse cured in Conventional Oven 
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Figure 15 shows the load elongation graph of a composite sample which is prepared with 
10% wt fraction of bagasse and cured in Conventional Oven. A series of tests are conducted 
and presented in the figure15. From the figure it can be observed that the maximum load 
withstand by this 10% wt fraction composite is about 2528 N which has maximum elongation 
at the fracture is around 1.05mm. From the table 9 it can be seen that the maximum Tensile 
strength is around 27.28 MPa which has a highest young‟s modulus value of 3491 MPa. 
Overall, the average value that can with stand by this composite is around 2259 N and the 
elongation at fracture is around 0.31mm which results to have a Tensile strength of 23.46 
MPa and 3562 MPa of Young‟s Modulus value. 
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Table 10 Test results for 15% bagasse cured in Conventional oven 
Specimen 
# 
Avg Thick 
mm 
Avg Width 
mm 
Area 
mm^2 
Peak Load 
N 
Peak Stress 
MPa 
Elonga-tion at Peak 
mm 
Modulus 
MPa 
1 9.80    9.21    90.26    2393    24.52    -0.52    4210    
2 9.93    9.14    90.70    2095    23.10    -0.91    3152    
3 9.92    9.50    94.24    2336    24.79    -0.29    2838    
4 9.93    9.37    92.98    2088    22.46    -0.47    3421    
5 10.00    9.37    93.67    2372   24.26    -0.39    4050    
6 10.02    9.60    96.16    2390   24.65    -0.42    3150    
Mean 9.93 9.36 93.00 2385 23.96 -0.50 3470 
Std Dev 0.08 0.17 2.23 119 0.95 0.22 546 
COV 0.79 1.83 2.39 5.36 3.98 -43.14 15.73 
 
 
Figure 16 Load elongation graph for 15% Bagasse cured in Conventional Oven 
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Figure 16 shows the load elongation graph of a composite sample which is prepared with 
15% wt fraction of bagasse and cured in Conventional Oven. A series of tests are conducted 
and presented in the figure16. From the figure it can be observed that the maximum load 
withstand by this 15% wt fraction composite is about 2390 N which has maximum elongation 
at the fracture is around 1.0mm. From the table 10 it can be seen that the maximum Tensile 
strength is around 24.79 MPa which has young‟s modulus value of 2838 MPa. Overall, the 
proportion of this mixture is good as they have good interaction between fibre and the resin 
matrix all the samples present good Tensile values which are around 24 MPa. 
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Table 11 Test results for 20% bagasse cured in Conventional oven 
Specimen 
# 
Avg Thick 
mm 
Avg Width 
mm 
Area 
mm^2 
Peak Load 
N 
Peak Stress 
MPa 
Elonga-tion at Peak 
mm 
Modulus 
MPa 
1 9.80    9.21    90.26    1943    21.53    -0.29    3406    
2 9.90    9.15    90.65    1853    20.44    -0.22    3123    
3 9.90    9.27    91.74    1655    18.04    -0.26    4054    
4 9.87    9.28    91.60    1256    13.71    -0.37    3710    
5 10.00    9.13    91.30    1836    20.11    -0.22    3587    
6 9.97    8.27    82.46    2005    24.32    -0.23    3981    
Mean 9.91 9.05 89.67 1758 19.69 -0.27 3644 
Std Dev 0.07 0.39 3.58 273 3.58 0.06 351 
COV 0.73 4.27 3.99 15.55 18.18 -22.22 9.64 
 
 
Figure 17 Load elongation graph for 20% Bagasse cured in Conventional Oven 
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Figure 17 shows the load elongation graph of a composite sample which is prepared with 
20% wt fraction of bagasse and cured in Conventional Oven. A series of tests are conducted 
and presented in the figure17. From the figure it can be observed that the maximum load 
withstand by this 20% wt fraction composite is about 2528 N which has maximum elongation 
at the fracture is around 0.95mm. From the table 11 it can be seen that the maximum Tensile 
strength is around 24.32 MPa which has a young‟s modulus value of 3981 MPa. Overall, the 
average value that can with stand by this composite is around 1758 N and the elongation at 
fracture is around 0.27mm which results to have a Tensile strength of 19.64 MPa and 3644 
MPa of Young‟s Modulus value. 
 
  
   
 44 
Table 12 Test results for 25% bagasse cured in Conventional oven 
Specimen 
# 
Avg Thick 
mm 
Avg Width 
mm 
Area 
mm^2 
Peak Load 
N 
Peak Stress 
MPa 
Elonga-tion at Peak 
mm 
Modulus 
MPa 
1 9.79    10.22    100.05    1910    19.09    -0.56    2836    
2 9.91    10.24    101.44    1569    15.47    -0.01    3700    
3 9.76    9.85    96.14    1513    15.73    -0.32    4032    
4 10.05    9.94    99.90    1762    17.64    -0.46    3001    
5 10.06    10.27    103.38    2240    21.67    -0.52    3904    
6 9.94    10.28    102.18    1752    17.15    -0.27    3916    
Mean 9.92 10.13 100.52 1791 17.79 -0.35 3565 
Std Dev 0.13 0.19 2.52 263 2.31 0.20 515 
COV 1.28 1.86 2.50 14.66 13.00 -57.29 14.43 
 
 
Figure 18  Load elongation graph for 25% Bagasse cured in Conventional Oven 
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Figure 18 shows the load elongation graph of a composite sample which is prepared with 
25% wt fraction of bagasse and cured in Conventional Oven. A series of tests are conducted 
and presented in the figure18. From the figure it can be observed that the maximum load 
withstand by this 25% wt fraction composite is about 2240 N which has maximum elongation 
at the fracture is around 0.85mm. From the table 11 it can be seen that the maximum Tensile 
strength is around 21.67 MPa which has a young‟s modulus value of 3904 MPa. Overall, the 
average value that can with stand by this composite is around 1791 N and the elongation at 
fracture is around 0.35mm which results to have a Tensile strength of 17.79 MPa and 3565 
MPa of Young‟s Modulus value. 
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Table 13 Test results for 0% bagasse cured in Microwave oven 
Specimen 
# 
Avg Thick 
mm 
Avg Width 
mm 
Area 
mm^2 
Peak Load 
N 
Peak Stress 
MPa 
Elonga-tion at Peak 
mm 
Modulus 
MPa 
1 9.15    9.70    88.72    3323    37.46    -0.07    3057    
2 9.07    9.93    90.06    3800    42.19    -0.16    3048    
3 9.07    9.93    90.06    4191    46.53    -0.22    3267    
4 9.00    9.80    88.20    3904    44.27    -0.71    2851    
5 9.26    9.98    92.38    3334    36.09    -0.02    3181    
6 8.75    9.79    85.72    2824    32.94    -0.04    2864    
Mean 9.10 9.83 89.44 3349 37.46 -0.21 3112 
Std Dev 0.20 0.12 2.14 724 8.07 0.24 233 
COV 2.18 1.17 2.39 21.61 21.54 -112.99 7.49 
 
 
Figure 19 Load elongation graph for 0% Bagasse cured in Microwave Oven 
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Figure 19 shows the load elongation graph of a composite sample which is prepared with 0% 
wt fraction of bagasse which is a pure Vinyl Ester resin and cured in Microwave Oven. A 
series of tests are conducted and presented in the figure19. From the figure it can be observed 
that the maximum load withstand by this 0% wt fraction composite is about 4191 N which 
has maximum elongation at the fracture is around 2.5mm. From the table 13 it can be seen 
that the maximum Tensile strength is around 46.53 MPa which has a young‟s modulus value 
of 3267 MPa. Overall, the average value that can with stand by this composite is around 3349 
N and the elongation at fracture is around 0.21mm which results to have a Tensile strength of 
37.46 MPa and 3112 MPa of Young‟s Modulus value. 
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Table 14 Test results for 5% bagasse cured in Microwave oven 
Specimen 
# 
Avg Thick 
mm 
Avg Width 
mm 
Area 
mm^2 
Peak Load 
N 
Peak Stress 
MPa 
Elonga-tion at Peak 
mm 
Modulus 
MPa 
1 9.58    10.01    95.86    2461    25.67    -0.10    2579    
2 9.21    10.14    93.42    2236    23.93    -0.03    3258    
3 8.38    9.90    82.93    1980    23.87    -0.12    2634    
4 8.43    9.82    82.78    1780    21.50    -0.15    2639    
5 8.56    9.87    84.49    2105    24.91    -0.18    2710    
Mean 8.83 9.95 87.90 2112 23.98 -0.12 2764 
Std Dev 0.53 0.13 6.25 257 1.57 0.05 280 
COV 6.05 1.29 7.11 12.18 6.55 -46.64 10.13 
 
 
Figure 20 Load elongation graph for 5% Bagasse cured in Microwave Oven 
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Figure 20 shows the load elongation graph of a composite sample which is prepared with 5% 
wt fraction of bagasse and cured in Microwave Oven. A series of tests are conducted and 
presented in the figure20. From the figure it can be observed that the maximum load 
withstand by this 5% wt fraction composite is about 2461 N which has maximum elongation 
at the fracture is around 1.1mm. From the table 14 it can be seen that the maximum Tensile 
strength is around 25.67 MPa which has a young‟s modulus value of 2579 MPa. Overall, the 
average value that can with stand by this composite is around 2112 N and the elongation at 
fracture is around 0.02mm which results to have a Tensile strength of 23.98 MPa and 2764 
MPa of Young‟s Modulus value. 
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Table 15 Test results for 10% bagasse cured in Microwave oven 
Specimen 
# 
Avg Thick 
mm 
Avg Width 
mm 
Area 
mm^2 
Peak Load 
N 
Peak Stress 
MPa 
Elonga-tion at Peak 
mm 
Modulus 
MPa 
1 9.23    9.94    91.78    2461    26.81    -0.19    3160    
2 8.69    9.99    86.84    2340    26.94    -0.05    3191    
3 9.06    9.98    90.48    2259    24.97    -0.16    3142    
4 9.38    9.94    93.27    2366    25.37    -0.10    2482    
5 9.55    10.02    95.72    1454    15.19    -0.07    3217    
6 9.55    10.02    95.72    1360    14.21    -0.09    2622    
Mean 9.24 9.98 92.30 2040 22.25 -0.11 2969 
Std Dev 0.33 0.04 3.40 496 5.91 0.05 327 
COV 3.57 0.37 3.68 24.30 26.56 -48.99 11.02 
 
 
Figure 21 Load elongation graph for 10% Bagasse cured in Microwave Oven 
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Figure 21 shows the load elongation graph of a composite sample which is prepared with 
10% wt fraction of bagasse and cured in Microwave Oven. A series of tests are conducted 
and presented in the figure21. From the figure it can be observed that the maximum load 
withstand by this 10% wt fraction composite is about 2461 N which has maximum elongation 
at the fracture is around 1.1mm. From the table 15 it can be seen that the maximum Tensile 
strength is around 26.94 MPa which has a young‟s modulus value of 3191 MPa. Overall, the 
average value that can with stand by this composite is around 2040 N and the elongation at 
fracture is around 0.11m which results to have a Tensile strength of 22.25 MPa and 2969 
MPa of Young‟s Modulus value. 
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Table 16 Test results for 15% bagasse cured in Microwave oven 
Specimen 
# 
Avg Thick 
mm 
Avg Width 
mm 
Area 
mm^2 
Peak Load 
N 
Peak Stress 
MPa 
Elonga-tion at Peak 
mm 
Modulus 
MPa 
1 9.64    9.85    95.02    2345    24.68    -0.03    3614    
2 9.39    9.96    93.52    1971    21.07    -0.11    3437    
3 9.48    9.96    94.49    2166    22.93    -0.12    2730    
4 9.47    9.95    94.29    2389    25.34    -0.09    2536    
5 9.50    10.01    95.06    2182    22.95    -0.19    3147    
6 9.48    9.97    94.48    2367    25.05    -0.14    2881    
Mean 9.49 9.95 94.48 2237 23.67 -0.12 3058 
Std Dev 0.08 0.05 0.56 162 1.64 0.05 418 
COV 0.87 0.52 0.59 7.23 6.95 -46.15 13.66 
 
 
Figure 22 Load elongation graph for 15% Bagasse cured in Microwave Oven 
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Figure 22 shows the load elongation graph of a composite sample which is prepared with 
15% wt fraction of bagasse and cured in Microwave Oven. A series of tests are conducted 
and presented in the figure22. From the figure it can be observed that the maximum load 
withstand by this 15% wt fraction composite is about 2367 N which has maximum elongation 
at the fracture is around 1.2mm. From the table 16 it can be seen that the maximum Tensile 
strength is around 25.05 MPa which has a young‟s modulus value of 2881 MPa. Overall, the 
average value that can with stand by this composite is around 2237 N and the elongation at 
fracture is around 0.12m which results to have a Tensile strength of 23.67 MPa and 3058 
MPa of Young‟s Modulus value. 
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Table 17 Test results for 20% bagasse cured in Microwave oven 
Specimen 
# 
Avg Thick 
mm 
Avg Width 
mm 
Area 
mm^2 
Peak Load 
N 
Peak Stress 
MPa 
Elonga-tion at Peak 
mm 
Modulus 
MPa 
1 9.99    10.90    108.89    2229    20.47    -0.11    2937    
2 9.74    344.06    3352.29    1957    0.58    -0.18    75    
3 9.77    9.85    96.17    1997    20.77    -0.07    3044    
4 10.19    10.62    108.22    2273    21.00    -0.15    3167    
5 9.79    10.21    99.99    3610    36.10    -0.16    2777    
6 10.28    10.14    104.24    1527    14.65    -0.08    2591    
Mean 9.96 65.96 644.97 2266 18.93 -0.12 2432 
Std Dev 0.23 136.24 1326.32 710 11.49 0.05 1172 
COV 2.32 206.54 205.64 31.33 60.68 -36.63 48.21 
 
 
Figure 23 Load elongation graph for 20% Bagasse cured in Microwave Oven 
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Figure 23 shows the load elongation graph of a composite sample which is prepared with 
20% wt fraction of bagasse and cured in Microwave Oven. A series of tests are conducted 
and presented in the figure23. From the figure it can be observed that the maximum load 
withstand by this 20% wt fraction composite is about 3600 N which has maximum elongation 
at the fracture is around 1.45mm. From the table 17 it can be seen that the maximum Tensile 
strength is around 36.10 MPa which has a young‟s modulus value of 2777 MPa. Overall, the 
average value that can with stand by this composite is around 2266 N and the elongation at 
fracture is around 0.12m which results to have a Tensile strength of 18.93 MPa and 2432 
MPa of Young‟s Modulus value. 
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4.2 Graphical Representation of Results 
 
 
Figure 24 Tensile strength of all compositions cured in Conventional oven 
 
 
Figure 25 Tensile strength of all compositions cured in Microwave oven 
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Comparison between Tensile strength graphs 
Figure 24 and Figure 25 presents the Tensile strength graphs for both Conventional and 
Microwave oven cases for all composite volume wt fractions. The Tensile strength for Pure 
Vinyl Ester resin in both cases gives the better values which are 29.00 and 42.00 respectively. 
A part from that polymer when comparing the results between the composites 5, 10 and 15% 
wt fractions exhibits better value in conventional oven case which is approximately 
26.00MPa. Whereas, in Microwave Oven case 25% wt fraction shows better result with a 
value of 35.00MPa. Comparing the Tensile strength for both cases, microwave oven has 
highest strength of 35.00MPa other than that most of the wt fraction exhibits poor results. But 
in conventional oven case three compositions presents constant values and other two are 
showed poor results. 
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Figure 26 Strain of all compositions cured in Conventional oven 
 
 
Figure 27 Strain of all compositions cured in Microwave oven 
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Comparison between strain graphs 
Figure 26 and Figure 27 provides the details of the stain for both conventional and 
microwave oven cases. In both cases strain rate is high for pure Vinyl Ester resin. A part form 
this the composite, the composites cured in Conventional Oven case all the three 
compositions 5,10 and 15% has the same strain rate around 0.007% and the remaining two 
compositions showed poor result. According to Schobig et al (2008) ‘At high strain rates, the 
strength increases while reduction of strain occurs which results the strength level increases 
and the tensile strain at break decreases‟. Where as in microwave oven case, the highest strain 
rate is for 25% composition has the high tensile strength too.  
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Figure 28 Young’s Modulus of all compositions cured in Conventional oven 
 
 
Figure 29 Young’s Modulus of all compositions cured in Microwave oven 
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Comparison between Young’s Modulus graphs 
Figure 28 and Figure 29 provides the details of the Young‟s modulus for both Conventional 
and Microwave oven cases. Considering a material to be stiffer it should possess high 
Young‟s modulus.  In this composite material 15% wt fraction in both cases have highest 
Young‟s modulus value which is 3800 and 3400MPa respectively. Comparing the value for 
both 15% composition Conventional oven cured 15% shows better result than Microwave 
oven case and the value is 10% more. 
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4.3 Microscopic Behaviours 
 
Figure 30 Microscopic picture of 0% fibre composite 
 
Figure 31 Microscopic picture of 5% fibre composite 
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Figure 32 Microscopic picture of 10% fibre composite 
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Figure 33 Microscopic picture of 15% fibre composite 
 
Figure 34 Microscopic picture of 20% fibre composite 
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Figure 35 Microscopic picture of 25% fibre composite 
 
From Figure 30 to 35 shows the microscopic behaviour of composite cured in conventional 
oven case. In all of the wt fractions the resolution is taken with 2000µm. Figure 30 is shows 
the behaviour of pure Vinyl Ester resin. In all the cases we observe the holes caused due to 
porosity. The interaction between fibre and the resin matrix is good in 15% wt percentage 
whereas other composition have poor interaction. In figure 34 and 35 the content of fibre is 
increased so the load carrying capacity decreased for 20 and 25 wt fractions. And the wt 
fraction 5 and 10% has less fibre content which also decrease the tensile strength. 
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4.4 Discussion 
Table 18 Mechanical properties of the Material cured in Conventional oven 
Samples 
Tensile Strength 
MPa 
Young’s Modulus 
MPa 
Vinyl Ester Resin 29.61±5.0 3376±128 
VE/FSB (5%) 25.55±1.5 3706±374 
VE/ FSB (10%) 25.10±2.0 3544±56 
VE/FSB (15%) 25.56±0.1 3806±406 
VE/FSB (20%) 22.09±2.2 3503±477 
VE/FSB (25%) 19.47±2.2 3247±657 
 
 
Figure 36 Overview of Fibre Load 
Tensile strength of the composites depends on the fibre, resin matrix and the fibre/resin 
matrix interface. Experiment results in table 18 explain the interaction observed by the fibre 
and resin matrix during mixing process. A composite prepared with VE/FSB (15%) presents 
high average values in both Tensile and Young‟s Modulus. This behaviour showed in figure 
36, as the fibre content increases the load carrying capacity decreases which results to poor 
tensile strength. Where as in VE/FSB (15%), proper fraction of both resin and fibre are mixed 
which exhibits better strength that the other composites. Figure 33 presents the fracture 
region after testing, where fibre is distributed in the matrix. Cerqueira et al. (2010) states that 
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„Fibres fractured in the matrix and pull out fibres, characterizing mechanics of fragile 
fracture‟. As well as the fracture, in the figure we can observe the porosity which is a main 
disadvantage of composites while manufacturing. This porosity occurs due to the air bubbles 
while preparing the composite mixture. Decreased porosity effect will increase the strength of 
the composite.  
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Chapter 5 
Conclusion 
The feasibility of utilizing the agricultural residue for making composite material is studied. 
A part form pure polymer which has highest tensile strength, bagasse reinforced composites 
in which 10% has highest tensile strength which is 25.0 ±2.7MPa when compared to other 
compositions in conventional oven post curing case. Whereas, in microwave oven case, the 
25% composition shows better strength of 35 ±13.0MPa. Young‟s Modulus of the prepared 
composites in which the 15% has the highest value in conventional oven case which is 
around 3700 ±400.00MPa. As a result in the both cases conventional oven cures samples 
showed better results than the microwave oven post curing technique. This is due to the more 
sugarcane fibre included, which cannot carry the load completely so it breaks quickly. 
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Appendix-A Load Elongation Graphs cured in Conventional 
Oven 
6/09/2011 
 
Sample ID: jagan-0%-oven-1.mss 
Specimen Number:  1 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 10.13 mm  
Avg Width 9.00 mm  
Area 91.17 mm^2  
Peak Load 3109 N  
Peak Stress 34.10 MPa  
Elonga-tion at Peak -0.07 mm  
Modulus 3305 MPa  
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6/09/2011 
 
Sample ID: jagan-0%-oven-2.mss 
Specimen Number:  2 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 10.08 mm  
Avg Width 8.71 mm  
Area 87.80 mm^2  
Peak Load 2008 N  
Peak Stress 22.87 MPa  
Elonga-tion at Peak -0.20 mm  
Modulus 3753 MPa  
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6/09/2011 
 
Sample ID: jagan-0%-oven-3.mss 
Specimen Number:  3 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 9.90 mm  
Avg Width 9.24 mm  
Area 91.48 mm^2  
Peak Load 1548 N  
Peak Stress 16.92 MPa  
Elonga-tion at Peak -0.20 mm  
Modulus 3455 MPa  
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6/09/2011 
 
Sample ID: jagan-0%-oven-4.mss 
Specimen Number:  5 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 9.83 mm  
Avg Width 9.30 mm  
Area 91.42 mm^2  
Peak Load 2202 N  
Peak Stress 24.09 MPa  
Elonga-tion at Peak -0.35 mm  
Modulus 3504 MPa 
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6/09/2011 
 
Sample ID: jagan-0%-oven-5.mss 
Specimen Number:  6 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 10.01 mm  
Avg Width 9.26 mm  
Area 92.72 mm^2  
Peak Load 2841 N  
Peak Stress 30.64 MPa  
Elonga-tion at Peak -0.43 mm  
Modulus 3319 MPa 
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jagan-0%-oven-  
Report Date: 6/09/2011 
Test Date : 6/09/2011 
Method : FoES Tensile Test - Single Extensometer - (ISO 527).msm  
 
Specimen Results: 
  
Specimen 
# 
Avg Thick 
mm 
Avg Width 
mm 
Area 
mm^2 
Peak Load 
N 
Peak 
Stress 
MPa 
Elonga-
tion at 
Peak 
mm 
Modulus 
MPa 
1 10.13    9.00    91.17    3109    34.10    -0.07    3305    
2 10.08    8.71    87.80    2008    22.87    -0.20    3753    
3 9.90    9.24    91.48    1548    16.92    -0.20    3455    
4 9.83    9.30    91.42    765    8.37    -1.73    ****    
5 9.83    9.30    91.42    2202    24.09    -0.35    3504    
6 10.01    9.26    92.72    2841    30.64    -0.43    3319    
Mean 9.96 9.14 91.00 2079 22.83 -0.49 3467 
Std Dev 0.13 0.24 1.66 857 9.31 0.62 181 
COV 1.30 2.59 1.83 41.21 40.78 -124.87 5.23 
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6/09/2011 
 
Sample ID: jagan-5%-oven-1.mss 
Specimen Number:  1 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 9.89 mm  
Avg Width 9.27 mm  
Area 91.65 mm^2  
Peak Load 1635 N  
Peak Stress 17.84 MPa  
Elonga-tion at Peak -0.22 mm  
Modulus 3458 MPa 
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6/09/2011 
 
Sample ID: jagan-5%-oven-2.mss 
Specimen Number:  2 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 9.81 mm  
Avg Width 9.78 mm  
Area 95.94 mm^2  
Peak Load 2370 N  
Peak Stress 24.70 MPa  
Elonga-tion at Peak -0.01 mm  
Modulus 4079 MPa 
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6/09/2011 
 
Sample ID: jagan-5%-oven-3.mss 
Specimen Number:  3 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 10.03 mm  
Avg Width 9.60 mm  
Area 96.22 mm^2  
Peak Load 2622 N  
Peak Stress 27.25 MPa  
Elonga-tion at Peak -0.24 mm  
Modulus 3853 MPa 
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6/09/2011 
 
Sample ID: jagan-5%-oven-4.mss 
Specimen Number:  4 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 10.09 mm  
Avg Width 9.37 mm  
Area 94.54 mm^2  
Peak Load 2336 N  
Peak Stress 24.71 MPa  
Elonga-tion at Peak -0.31 mm  
Modulus 3181 MPa 
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6/09/2011 
 
Sample ID: jagan-5%-oven-5.mss 
Specimen Number:  5 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 9.83 mm  
Avg Width 9.37 mm  
Area 92.04 mm^2  
Peak Load 2229 N  
Peak Stress 24.21 MPa  
Elonga-tion at Peak -0.13 mm  
Modulus 2937 MPa 
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jagan-5%-oven  
Report Date: 6/09/2011 
Test Date : 6/09/2011 
Method : FoES Tensile Test - Single Extensometer - (ISO 527).msm  
 
Specimen Results: 
  
Specimen 
# 
Avg Thick 
mm 
Avg Width 
mm 
Area 
mm^2 
Peak Load 
N 
Peak 
Stress 
MPa 
Elonga-
tion at 
Peak 
mm 
Modulus 
MPa 
1 9.89    9.27    91.65    1635    17.84    -0.22    3458    
2 9.81    9.78    95.94    2370    24.70    -0.01    4079    
3 10.03    9.60    96.22    2622    27.25    -0.24    3853    
4 10.09    9.37    94.54    2336    24.71    -0.31    3181    
5 9.83    9.37    92.04    2229    24.21    -0.13    2937    
Mean 9.93 9.47 94.08 2238 23.74 -0.18 3502 
Std Dev 0.12 0.21 2.14 367 3.51 0.12 469 
COV 1.25 2.19 2.28 16.39 14.78 -63.06 13.41 
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6/09/2011 
 
Sample ID: jagan-10%-oven-1.mss 
Specimen Number:  1 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 10.01 mm  
Avg Width 9.26 mm  
Area 92.66 mm^2  
Peak Load 2528 N  
Peak Stress 27.28 MPa  
Elonga-tion at Peak -0.02 mm  
Modulus 3491 MPa 
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6/09/2011 
 
Sample ID: jagan-10%-oven-2.mss 
Specimen Number:  2 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 10.56 mm  
Avg Width 10.13 mm  
Area 106.97 mm^2  
Peak Load 1961 N  
Peak Stress 18.33 MPa  
Elonga-tion at Peak -0.26 mm  
Modulus 3409 MPa 
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6/09/2011 
 
Sample ID: jagan-10%-oven-3.mss 
Specimen Number:  3 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 10.27 mm  
Avg Width 9.84 mm  
Area 101.02 mm^2  
Peak Load 2372 N  
Peak Stress 23.48 MPa  
Elonga-tion at Peak -0.39 mm  
Modulus 3959 MPa 
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6/09/2011 
 
Sample ID: jagan-10%-oven-4.mss 
Specimen Number:  4 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 9.95 mm  
Avg Width 8.79 mm  
Area 87.46 mm^2  
Peak Load 2071 N  
Peak Stress 23.68 MPa  
Elonga-tion at Peak -0.36 mm  
Modulus 3367 MPa 
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6/09/2011 
 
Sample ID: jagan-10%-oven-5.mss 
Specimen Number:  5 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 10.04 mm  
Avg Width 9.50 mm  
Area 95.35 mm^2  
Peak Load 2263 N  
Peak Stress 23.73 MPa  
Elonga-tion at Peak -0.65 mm  
Modulus 3541 MPa 
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6/09/2011 
 
Sample ID: jagan-10%-oven-6.mss 
Specimen Number:  6 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 9.98 mm  
Avg Width 9.73 mm  
Area 97.10 mm^2  
Peak Load 2359 N  
Peak Stress 24.29 MPa  
Elonga-tion at Peak -0.19 mm  
Modulus 3601 MPa 
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jagan-10%-oven  
Report Date: 6/09/2011 
Test Date : 6/09/2011 
Method : FoES Tensile Test - Single Extensometer - (ISO 527).msm  
 
Specimen Results: 
  
Specimen 
# 
Avg Thick 
mm 
Avg Width 
mm 
Area 
mm^2 
Peak Load 
N 
Peak 
Stress 
MPa 
Elonga-
tion at 
Peak 
mm 
Modulus 
MPa 
1 10.01    9.26    92.66    2528    27.28    -0.02    3491    
2 10.56    10.13    106.97    1961    18.33    -0.26    3409    
3 10.27    9.84    101.02    2372    23.48    -0.39    3959    
4 9.95    8.79    87.46    2071    23.68    -0.36    3367    
5 10.04    9.50    95.35    2263    23.73    -0.65    3541    
6 9.98    9.73    97.10    2359    24.29    -0.19    3601    
Mean 10.13 9.54 96.76 2259 23.46 -0.31 3562 
Std Dev 0.24 0.47 6.75 209 2.89 0.21 213 
COV 2.34 4.96 6.98 9.27 12.31 -68.29 5.97 
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9/09/2011 
 
Sample ID: 15%.mss 
Specimen Number:  1 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 9.80 mm  
Avg Width 9.21 mm  
Area 90.26 mm^2  
Peak Load 2213 N  
Peak Stress 24.52 MPa  
Elonga-tion at Peak -0.52 mm  
Modulus 4210 MPa 
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9/09/2011 
 
Sample ID: jagan-15%-oven-2.mss 
Specimen Number:  2 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 9.93 mm  
Avg Width 9.14 mm  
Area 90.70 mm^2  
Peak Load 2095 N  
Peak Stress 23.10 MPa  
Elonga-tion at Peak -0.91 mm  
Modulus 3152 MPa 
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9/09/2011 
 
Sample ID: jagan-15%-oven-3.mss 
Specimen Number:  3 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 9.92 mm  
Avg Width 9.50 mm  
Area 94.24 mm^2  
Peak Load 2336 N  
Peak Stress 24.79 MPa  
Elonga-tion at Peak -0.29 mm  
Modulus 2838 MPa 
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9/09/2011 
 
Sample ID: jagan-15%-oven-4.mss 
Specimen Number:  4 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 9.93 mm  
Avg Width 9.37 mm  
Area 92.98 mm^2  
Peak Load 2088 N  
Peak Stress 22.46 MPa  
Elonga-tion at Peak -0.47 mm  
Modulus 3421 MPa 
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9/09/2011 
 
Sample ID: jagan-15%-oven-5.mss 
Specimen Number:  5 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 10.00 mm  
Avg Width 9.37 mm  
Area 93.67 mm^2  
Peak Load 2272 N  
Peak Stress 24.26 MPa  
Elonga-tion at Peak -0.39 mm  
Modulus 4050 MPa 
   
 97 
9/09/2011 
 
Sample ID: jagan-15%-oven-6.mss 
Specimen Number:  6 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 10.02 mm  
Avg Width 9.60 mm  
Area 96.16 mm^2  
Peak Load 2370 N  
Peak Stress 24.65 MPa  
Elonga-tion at Peak -0.42 mm  
Modulus 3150 MPa 
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jagan-15%-oven-
all 
 
Report Date: 9/09/2011 
Test Date : 9/09/2011 
Method : FoES Tensile Test - Single Extensometer - (ISO 527).msm  
 
Specimen Results: 
  
Specimen 
# 
Avg Thick 
mm 
Avg Width 
mm 
Area 
mm^2 
Peak Load 
N 
Peak 
Stress 
MPa 
Elonga-
tion at 
Peak 
mm 
Modulus 
MPa 
1 9.80    9.21    90.26    2213    24.52    -0.52    4210    
2 9.93    9.14    90.70    2095    23.10    -0.91    3152    
3 9.92    9.50    94.24    2336    24.79    -0.29    2838    
4 9.93    9.37    92.98    2088    22.46    -0.47    3421    
5 10.00    9.37    93.67    2272    24.26    -0.39    4050    
6 10.02    9.60    96.16    2370    24.65    -0.42    3150    
Mean 9.93 9.36 93.00 2229 23.96 -0.50 3470 
Std Dev 0.08 0.17 2.23 119 0.95 0.22 546 
COV 0.79 1.83 2.39 5.36 3.98 -43.14 15.73 
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9/09/2011 
 
Sample ID: jagan-20%-oven-1.mss 
Specimen Number:  1 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 9.80 mm  
Avg Width 9.21 mm  
Area 90.26 mm^2  
Peak Load 1943 N  
Peak Stress 21.53 MPa  
Elonga-tion at Peak -0.29 mm  
Modulus 3406 MPa 
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9/09/2011 
 
Sample ID: jagan-20%-oven-2.mss 
Specimen Number:  2 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 9.90 mm  
Avg Width 9.15 mm  
Area 90.65 mm^2  
Peak Load 1853 N  
Peak Stress 20.44 MPa  
Elonga-tion at Peak -0.22 mm  
Modulus 3123 MPa 
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9/09/2011 
 
Sample ID: jagan-20%-oven-3.mss 
Specimen Number:  3 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 9.90 mm  
Avg Width 9.27 mm  
Area 91.74 mm^2  
Peak Load 1655 N  
Peak Stress 18.04 MPa  
Elonga-tion at Peak -0.26 mm  
Modulus 4054 MPa 
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9/09/2011 
 
Sample ID: jagan-20%-oven-4.mss 
Specimen Number:  4 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 9.87 mm  
Avg Width 9.28 mm  
Area 91.60 mm^2  
Peak Load 1256 N  
Peak Stress 13.71 MPa  
Elonga-tion at Peak -0.37 mm  
Modulus 3710 MPa 
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9/09/2011 
 
Sample ID: jagan-20%-oven-5.mss 
Specimen Number:  5 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 10.00 mm  
Avg Width 9.13 mm  
Area 91.30 mm^2  
Peak Load 1836 N  
Peak Stress 20.11 MPa  
Elonga-tion at Peak -0.22 mm  
Modulus 3587 MPa 
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9/09/2011 
 
Sample ID: jagan-20%-oven-6.mss 
Specimen Number:  6 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 9.97 mm  
Avg Width 8.27 mm  
Area 82.46 mm^2  
Peak Load 2005 N  
Peak Stress 24.32 MPa  
Elonga-tion at Peak -0.23 mm  
Modulus 3981 MPa 
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jagan-20%-
oven-all 
 
Report Date: 9/09/2011 
Test Date : 9/09/2011 
Method : FoES Tensile Test - Single Extensometer - (ISO 527).msm  
 
Specimen Results: 
  
Specimen 
# 
Avg Thick 
mm 
Avg Width 
mm 
Area 
mm^2 
Peak Load 
N 
Peak 
Stress 
MPa 
Elonga-
tion at 
Peak 
mm 
Modulus 
MPa 
1 9.80    9.21    90.26    1943    21.53    -0.29    3406    
2 9.90    9.15    90.65    1853    20.44    -0.22    3123    
3 9.90    9.27    91.74    1655    18.04    -0.26    4054    
4 9.87    9.28    91.60    1256    13.71    -0.37    3710    
5 10.00    9.13    91.30    1836    20.11    -0.22    3587    
6 9.97    8.27    82.46    2005    24.32    -0.23    3981    
Mean 9.91 9.05 89.67 1758 19.69 -0.27 3644 
Std Dev 0.07 0.39 3.58 273 3.58 0.06 351 
COV 0.73 4.27 3.99 15.55 18.18 -22.22 9.64 
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9/09/2011 
 
Sample ID: jagan-25%-oven-1.mss 
Specimen Number:  1 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 9.79 mm  
Avg Width 10.22 mm  
Area 100.05 mm^2  
Peak Load 1910 N  
Peak Stress 19.09 MPa  
Elonga-tion at Peak -0.56 mm  
Modulus 2836 MPa 
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9/09/2011 
 
Sample ID: jagan-25%-oven-2.mss 
Specimen Number:  2 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 9.91 mm  
Avg Width 10.24 mm  
Area 101.44 mm^2  
Peak Load 1569 N  
Peak Stress 15.47 MPa  
Elonga-tion at Peak -0.01 mm  
Modulus 3700 MPa 
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9/09/2011 
 
Sample ID: jagan-25%-oven-3.mss 
Specimen Number:  3 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 9.76 mm  
Avg Width 9.85 mm  
Area 96.14 mm^2  
Peak Load 1513 N  
Peak Stress 15.73 MPa  
Elonga-tion at Peak -0.32 mm  
Modulus 4032 MPa 
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9/09/2011 
 
Sample ID: jagan-25%-oven-4.mss 
Specimen Number:  4 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 10.05 mm  
Avg Width 9.94 mm  
Area 99.90 mm^2  
Peak Load 1762 N  
Peak Stress 17.64 MPa  
Elonga-tion at Peak -0.46 mm  
Modulus 3001 MPa 
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9/09/2011 
 
Sample ID: jagan-25%-oven-5.mss 
Specimen Number:  5 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 10.06 mm  
Avg Width 10.27 mm  
Area 103.38 mm^2  
Peak Load 2240 N  
Peak Stress 21.67 MPa  
Elonga-tion at Peak -0.52 mm  
Modulus 3904 MPa 
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9/09/2011 
 
Sample ID: jagan-25%-oven-6.mss 
Specimen Number:  6 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 9.94 mm  
Avg Width 10.28 mm  
Area 102.18 mm^2  
Peak Load 1752 N  
Peak Stress 17.15 MPa  
Elonga-tion at Peak -0.27 mm  
Modulus 3916 MPa 
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jagan-25%-
oven-all 
 
Report Date: 9/09/2011 
Test Date : 9/09/2011 
Method : FoES Tensile Test - Single Extensometer - (ISO 527).msm  
 
Specimen Results: 
  
Specimen 
# 
Avg Thick 
mm 
Avg Width 
mm 
Area 
mm^2 
Peak Load 
N 
Peak 
Stress 
MPa 
Elonga-
tion at 
Peak 
mm 
Modulus 
MPa 
1 9.79    10.22    100.05    1910    19.09    -0.56    2836    
2 9.91    10.24    101.44    1569    15.47    -0.01    3700    
3 9.76    9.85    96.14    1513    15.73    -0.32    4032    
4 10.05    9.94    99.90    1762    17.64    -0.46    3001    
5 10.06    10.27    103.38    2240    21.67    -0.52    3904    
6 9.94    10.28    102.18    1752    17.15    -0.27    3916    
Mean 9.92 10.13 100.52 1791 17.79 -0.35 3565 
Std Dev 0.13 0.19 2.52 263 2.31 0.20 515 
COV 1.28 1.86 2.50 14.66 13.00 -57.29 14.43 
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Appendix-B Load Elongation Graphs cured in Microwave Oven 
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0% sample all  
Report Date: 24/10/2011 
Test Date : 24/10/2011 
Method : FoES Tensile Test - Single Extensometer - (ISO 527).msm  
 
Specimen Results: 
  
Specimen 
# 
Avg Thick 
mm 
Avg Width 
mm 
Area 
mm^2 
Peak Load 
N 
Peak 
Stress 
MPa 
Elonga-
tion at 
Peak 
mm 
Modulus 
MPa 
1 9.15    9.70    88.72    3323    37.46    -0.07    3057    
2 9.37    9.70    90.92    2066    22.72    -0.28    3513    
3 9.07    9.93    90.06    3800    42.19    -0.16    3048    
4 9.07    9.93    90.06    4191    46.53    -0.22    3267    
5 9.00    9.80    88.20    3904    44.27    -0.71    2851    
6 9.26    9.98    92.38    3334    36.09    -0.02    3181    
7 8.75    9.79    85.72    2824    32.94    -0.04    2864    
Mean 9.10 9.83 89.44 3349 37.46 -0.21 3112 
Std Dev 0.20 0.12 2.14 724 8.07 0.24 233 
COV 2.18 1.17 2.39 21.61 21.54 -112.99 7.49 
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24/10/2011 
 
Sample ID: 0% sample1.mss 
Specimen Number:  1 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 9.15 mm  
Avg Width 9.70 mm  
Area 88.72 mm^2  
Peak Load 3323 N  
Peak Stress 37.46 MPa  
Elonga-tion at Peak -0.07 mm  
Modulus 3057 MPa 
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24/10/2011 
 
Sample ID: 0% sample2.mss 
Specimen Number:  2 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 9.37 mm  
Avg Width 9.70 mm  
Area 90.92 mm^2  
Peak Load 2066 N  
Peak Stress 22.72 MPa  
Elonga-tion at Peak -0.28 mm  
Modulus 3513 MPa 
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24/10/2011 
 
Sample ID: 0% sample3.mss 
Specimen Number:  4 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 9.07 mm  
Avg Width 9.93 mm  
Area 90.06 mm^2  
Peak Load 4191 N  
Peak Stress 46.53 MPa  
Elonga-tion at Peak -0.22 mm  
Modulus 3267 MPa 
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24/10/2011 
 
Sample ID: 0% sample4.mss 
Specimen Number:  5 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 9.00 mm  
Avg Width 9.80 mm  
Area 88.20 mm^2  
Peak Load 3904 N  
Peak Stress 44.27 MPa  
Elonga-tion at Peak -0.71 mm  
Modulus 2851 MPa 
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24/10/2011 
 
Sample ID: 0% sample5.mss 
Specimen Number:  6 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 9.26 mm  
Avg Width 9.98 mm  
Area 92.38 mm^2  
Peak Load 3334 N  
Peak Stress 36.09 MPa  
Elonga-tion at Peak -0.02 mm  
Modulus 3181 MPa 
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24/10/2011 
 
Sample ID: 0% sample6.mss 
Specimen Number:  7 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 8.75 mm  
Avg Width 9.79 mm  
Area 85.72 mm^2  
Peak Load 2824 N  
Peak Stress 32.94 MPa  
Elonga-tion at Peak -0.04 mm  
Modulus 2864 MPa 
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5% sample all  
Report Date: 24/10/2011 
Test Date : 24/10/2011 
Method : FoES Tensile Test - Single Extensometer - (ISO 527).msm  
 
Specimen Results: 
  
Specimen 
# 
Avg Thick 
mm 
Avg Width 
mm 
Area 
mm^2 
Peak Load 
N 
Peak 
Stress 
MPa 
Elonga-
tion at 
Peak 
mm 
Modulus 
MPa 
1 9.58    10.01    95.86    2461    25.67    -0.10    2579    
2 9.21    10.14    93.42    2236    23.93    -0.03    3258    
3 8.38    9.90    82.93    1980    23.87    -0.12    2634    
4 8.43    9.82    82.78    1780    21.50    -0.15    2639    
5 8.56    9.87    84.49    2105    24.91    -0.18    2710    
Mean 8.83 9.95 87.90 2112 23.98 -0.12 2764 
Std Dev 0.53 0.13 6.25 257 1.57 0.05 280 
COV 6.05 1.29 7.11 12.18 6.55 -46.64 10.13 
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24/10/2011 
 
Sample ID: 5% sample1.mss 
Specimen Number:  1 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 9.58 mm  
Avg Width 10.01 mm  
Area 95.86 mm^2  
Peak Load 2461 N  
Peak Stress 25.67 MPa  
Elonga-tion at Peak -0.10 mm  
Modulus 2579 MPa 
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24/10/2011 
 
Sample ID: 5% sample2.mss 
Specimen Number:  2 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 9.21 mm  
Avg Width 10.14 mm  
Area 93.42 mm^2  
Peak Load 2236 N  
Peak Stress 23.93 MPa  
Elonga-tion at Peak -0.03 mm  
Modulus 3258 MPa 
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24/10/2011 
 
Sample ID: 5% sample3.mss 
Specimen Number:  3 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 8.38 mm  
Avg Width 9.90 mm  
Area 82.93 mm^2  
Peak Load 1980 N  
Peak Stress 23.87 MPa  
Elonga-tion at Peak -0.12 mm  
Modulus 2634 MPa 
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24/10/2011 
 
Sample ID: 5% sample4.mss 
Specimen Number:  4 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 8.43 mm  
Avg Width 9.82 mm  
Area 82.78 mm^2  
Peak Load 1780 N  
Peak Stress 21.50 MPa  
Elonga-tion at Peak -0.15 mm  
Modulus 2639 MPa 
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24/10/2011 
 
Sample ID: 5% sample5.mss 
Specimen Number:  5 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 8.56 mm  
Avg Width 9.87 mm  
Area 84.49 mm^2  
Peak Load 2105 N  
Peak Stress 24.91 MPa  
Elonga-tion at Peak -0.18 mm  
Modulus 2710 MPa 
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10% sample 
all 
 
Report Date: 24/10/2011 
Test Date : 24/10/2011 
Method : FoES Tensile Test - Single Extensometer - (ISO 527).msm  
 
Specimen Results: 
  
Specimen 
# 
Avg Thick 
mm 
Avg Width 
mm 
Area 
mm^2 
Peak Load 
N 
Peak 
Stress 
MPa 
Elonga-
tion at 
Peak 
mm 
Modulus 
MPa 
1 9.23    9.94    91.78    2461    26.81    -0.19    3160    
2 8.69    9.99    86.84    2340    26.94    -0.05    3191    
3 9.06    9.98    90.48    2259    24.97    -0.16    3142    
4 9.38    9.94    93.27    2366    25.37    -0.10    2482    
5 9.55    10.02    95.72    1454    15.19    -0.07    3217    
6 9.55    10.02    95.72    1360    14.21    -0.09    2622    
Mean 9.24 9.98 92.30 2040 22.25 -0.11 2969 
Std Dev 0.33 0.04 3.40 496 5.91 0.05 327 
COV 3.57 0.37 3.68 24.30 26.56 -48.99 11.02 
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24/10/2011 
 
Sample ID: 10% sample1.mss 
Specimen Number:  1 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 9.23 mm  
Avg Width 9.94 mm  
Area 91.78 mm^2  
Peak Load 2461 N  
Peak Stress 26.81 MPa  
Elonga-tion at Peak -0.19 mm  
Modulus 3160 MPa 
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24/10/2011 
 
Sample ID: 10% sample2.mss 
Specimen Number:  2 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 8.69 mm  
Avg Width 9.99 mm  
Area 86.84 mm^2  
Peak Load 2340 N  
Peak Stress 26.94 MPa  
Elonga-tion at Peak -0.05 mm  
Modulus 3191 MPa 
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24/10/2011 
 
Sample ID: 10% sample3.mss 
Specimen Number:  3 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 9.06 mm  
Avg Width 9.98 mm  
Area 90.48 mm^2  
Peak Load 2259 N  
Peak Stress 24.97 MPa  
Elonga-tion at Peak -0.16 mm  
Modulus 3142 MPa 
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24/10/2011 
 
Sample ID: 10% sample4.mss 
Specimen Number:  4 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 9.38 mm  
Avg Width 9.94 mm  
Area 93.27 mm^2  
Peak Load 2366 N  
Peak Stress 25.37 MPa  
Elonga-tion at Peak -0.10 mm  
Modulus 2482 MPa 
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24/10/2011 
 
Sample ID: 10% sample5.mss 
Specimen Number:  5 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 9.55 mm  
Avg Width 10.02 mm  
Area 95.72 mm^2  
Peak Load 1454 N  
Peak Stress 15.19 MPa  
Elonga-tion at Peak -0.07 mm  
Modulus 3217 MPa 
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24/10/2011 
 
Sample ID: 10% sample6.mss 
Specimen Number:  6 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 9.55 mm  
Avg Width 10.02 mm  
Area 95.72 mm^2  
Peak Load 1360 N  
Peak Stress 14.21 MPa  
Elonga-tion at Peak -0.09 mm  
Modulus 2622 MPa 
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15%Sample all  
Report Date: 24/10/2011 
Test Date : 24/10/2011 
Method : FoES Tensile Test - Single Extensometer - (ISO 527).msm  
 
Specimen Results: 
  
Specimen 
# 
Avg Thick 
mm 
Avg Width 
mm 
Area 
mm^2 
Peak Load 
N 
Peak 
Stress 
MPa 
Elonga-
tion at 
Peak 
mm 
Modulus 
MPa 
1 9.64    9.85    95.02    2345    24.68    -0.03    3614    
2 9.39    9.96    93.52    1971    21.07    -0.11    3437    
3 9.48    9.96    94.49    2166    22.93    -0.12    2730    
4 9.47    9.95    94.29    2389    25.34    -0.09    2536    
5 9.50    10.01    95.06    2182    22.95    -0.19    3147    
6 9.48    9.97    94.48    2367    25.05    -0.14    2881    
Mean 9.49 9.95 94.48 2237 23.67 -0.12 3058 
Std Dev 0.08 0.05 0.56 162 1.64 0.05 418 
COV 0.87 0.52 0.59 7.23 6.95 -46.15 13.66 
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24/10/2011 
 
Sample ID: 15%Sample1.mss 
Specimen Number:  1 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 9.64 mm  
Avg Width 9.85 mm  
Area 95.02 mm^2  
Peak Load 2345 N  
Peak Stress 24.68 MPa  
Elonga-tion at Peak -0.03 mm  
Modulus 3614 MPa 
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24/10/2011 
 
Sample ID: 15%Sample2.mss 
Specimen Number:  2 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 9.39 mm  
Avg Width 9.96 mm  
Area 93.52 mm^2  
Peak Load 1971 N  
Peak Stress 21.07 MPa  
Elonga-tion at Peak -0.11 mm  
Modulus 3437 MPa 
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24/10/2011 
 
Sample ID: 15%Sample3.mss 
Specimen Number:  3 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 9.48 mm  
Avg Width 9.96 mm  
Area 94.49 mm^2  
Peak Load 2166 N  
Peak Stress 22.93 MPa  
Elonga-tion at Peak -0.12 mm  
Modulus 2730 MPa 
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24/10/2011 
 
Sample ID: 15%Sample5.mss 
Specimen Number:  5 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 9.50 mm  
Avg Width 10.01 mm  
Area 95.06 mm^2  
Peak Load 2182 N  
Peak Stress 22.95 MPa  
Elonga-tion at Peak -0.19 mm  
Modulus 3147 MPa 
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24/10/2011 
 
Sample ID: 15%Sample6.mss 
Specimen Number:  6 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 9.48 mm  
Avg Width 9.97 mm  
Area 94.48 mm^2  
Peak Load 2367 N  
Peak Stress 25.05 MPa  
Elonga-tion at Peak -0.14 mm  
Modulus 2881 MPa 
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20% Sample 
all 
 
Report Date: 24/10/2011 
Test Date : 24/10/2011 
Method : FoES Tensile Test - Single Extensometer - (ISO 527).msm  
 
Specimen Results: 
  
Specimen 
# 
Avg Thick 
mm 
Avg Width 
mm 
Area 
mm^2 
Peak Load 
N 
Peak 
Stress 
MPa 
Elonga-
tion at 
Peak 
mm 
Modulus 
MPa 
1 9.99    10.90    108.89    2229    20.47    -0.11    2937    
2 9.74    344.06    3352.29    1957    0.58    -0.18    75    
3 9.77    9.85    96.17    1997    20.77    -0.07    3044    
4 10.19    10.62    108.22    2273    21.00    -0.15    3167    
5 9.79    10.21    99.99    3610    36.10    -0.16    2777    
6 10.28    10.14    104.24    1527    14.65    -0.08    2591    
Mean 9.96 65.96 644.97 2266 18.93 -0.12 2432 
Std Dev 0.23 136.24 1326.32 710 11.49 0.05 1172 
COV 2.32 206.54 205.64 31.33 60.68 -36.63 48.21 
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24/10/2011 
 
Sample ID: 20% Sample1.mss 
Specimen Number:  1 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 9.99 mm  
Avg Width 10.90 mm  
Area 108.89 mm^2  
Peak Load 2229 N  
Peak Stress 20.47 MPa  
Elonga-tion at Peak -0.11 mm  
Modulus 2937 MPa 
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24/10/2011 
 
Sample ID: 20% Sample2.mss 
Specimen Number:  2 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 9.74 mm  
Avg Width 344.06 mm  
Area 3352.29 mm^2  
Peak Load 1957 N  
Peak Stress 0.58 MPa  
Elonga-tion at Peak -0.18 mm  
Modulus 75 MPa 
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24/10/2011 
 
Sample ID: 20% Sample3.mss 
Specimen Number:  3 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 9.77 mm  
Avg Width 9.85 mm  
Area 96.17 mm^2  
Peak Load 1997 N  
Peak Stress 20.77 MPa  
Elonga-tion at Peak -0.07 mm  
Modulus 3044 MPa 
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24/10/2011 
 
Sample ID: 20% Sample4.mss 
Specimen Number:  4 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 10.19 mm  
Avg Width 10.62 mm  
Area 108.22 mm^2  
Peak Load 2273 N  
Peak Stress 21.00 MPa  
Elonga-tion at Peak -0.15 mm  
Modulus 3167 MPa 
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24/10/2011 
 
Sample ID: 20% Sample5.mss 
Specimen Number:  5 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 9.79 mm  
Avg Width 10.21 mm  
Area 99.99 mm^2  
Peak Load 3610 N  
Peak Stress 36.10 MPa  
Elonga-tion at Peak -0.16 mm  
Modulus 2777 MPa 
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24/10/2011 
 
Sample ID: 20% Sample6.mss 
Specimen Number:  6 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 10.28 mm  
Avg Width 10.14 mm  
Area 104.24 mm^2  
Peak Load 1527 N  
Peak Stress 14.65 MPa  
Elonga-tion at Peak -0.08 mm  
Modulus 2591 MPa 
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24/10/2011 
 
Sample ID: 25% Sample1.mss 
Specimen Number:  1 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 10.27 mm  
Avg Width 10.11 mm  
Area 103.83 mm^2  
Peak Load 2035 N  
Peak Stress 19.60 MPa  
Elonga-tion at Peak 0.02 mm  
Modulus 3532 MPa 
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24/10/2011 
 
Sample ID: 25% Sample2.mss 
Specimen Number:  2 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 9.88 mm  
Avg Width 9.98 mm  
Area 98.64 mm^2  
Peak Load 1212 N  
Peak Stress 12.29 MPa  
Elonga-tion at Peak 0.03 mm  
Modulus 2892 MPa 
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24/10/2011 
 
Sample ID: 25% Sample3.mss 
Specimen Number:  4 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 9.93 mm  
Avg Width 9.91 mm  
Area 98.47 mm^2  
Peak Load 3475 N  
Peak Stress 35.28 MPa  
Elonga-tion at Peak -0.07 mm  
Modulus 3539 MPa 
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24/10/2011 
 
Sample ID: 25% Sample4.mss 
Specimen Number:  5 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 9.92 mm  
Avg Width 9.87 mm  
Area 97.91 mm^2  
Peak Load 4814 N  
Peak Stress 49.17 MPa  
Elonga-tion at Peak -0.02 mm  
Modulus 2936 MPa 
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24/10/2011 
 
Sample ID: 25% Sample5.mss 
Specimen Number:  5 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 9.92 mm  
Avg Width 9.87 mm  
Area 97.91 mm^2  
Peak Load 4814 N  
Peak Stress 49.17 MPa  
Elonga-tion at Peak -0.02 mm  
Modulus 2936 MPa 
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24/10/2011 
 
Sample ID: 25% Sample6.mss 
Specimen Number:  6 
Tagged: False 
 
 
 
Specimen Results:  
Name Value Units  
Avg Thick 9.87 mm  
Avg Width 10.03 mm  
Area 99.00 mm^2  
Peak Load 3721 N  
Peak Stress 37.59 MPa  
Elonga-tion at Peak 0.52 mm  
Modulus 2222 MPa  
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Appendix-C Excel Results 
 
5% of Bagasse (Conventional oven) 
      
Specimen 
Avg.Thickness 
(mm) 
Avg.Width(mm) Area(mm^2) Peak Load(N) Strain 
Tensile 
Strength(N/mm^2) 
Youngs 
Modulus(N/mm^2) 
Offset Yield 
Strength(N/mm^2) 
1 9.81 9.78 95.94 2370.00 0.006 24.70 4079.00 16.88 
2 10.03 9.60 96.22 2622.00 0.007 27.25 3853.00 22.03 
3 10.09 9.37 94.54 2336.00 0.008 24.71 3181.00 17.87 
Mean 9.98 9.58 95.57 2442.67 0.007 25.55 3704.33 18.93 
Maximum  0.1133 0.1967 0.6533 179.3333 0.0008 1.6960 374.6667 3.1033 
Minimum 0.1667 0.2133 1.0267 106.6667 0.0009 0.8511 523.3333 2.0467 
 
 
0% of Bagasse (Conventional oven) 
      
Specimen 
Avg.Thickness 
(mm) 
Avg.Width(mm) Area(mm^2) Peak Load(N) Strain 
Tensile 
Strength(N/mm^2) 
Youngs 
Modulus(N/mm^2) 
Offset Yield 
Strength(N/mm^2) 
1 10.13 9.00 91.17 3109.00 0.010 34.10 3305.00 28.51 
2 9.83 9.30 91.42 2202.00 0.007 24.09 3504.00 21.33 
3 10.01 9.26 92.72 2841.00 0.009 30.64 3319.00 23.19 
Mean 9.99 9.19 91.77 2717.33 0.009 29.61 3376.00 24.34 
Maximum  0.1400 0.1133 0.9500 391.6667 0.0015 4.4917 128.0000 4.1673 
Minimum 0.1600 0.1867 0.6000 515.3333 0.0019 5.5228 71.0000 3.0127 
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15% of Bagasse(Conventional oven)  
      
Specimen 
Avg.Thickness 
(mm) 
Avg.Width(mm) Area(mm^2) Peak Load(N) Strain 
Tensile 
Strength(N/mm^2) 
Youngs 
Modulus(N/mm^2) 
Offset Yield 
Strength(N/mm^2) 
1 9.80 9.21 90.26 2393.00 0.006 26.51 4210.00 16.72 
2 10.00 9.37 93.67 2372.00 0.006 25.32 4050.00 16.40 
3 10.02 9.60 96.16 2390.00 0.008 24.85 3150.00 16.82 
Mean 9.94 9.39 93.36 2385.00 0.007 25.56 3803.33 16.65 
Maximum  0.0800 0.2067 2.7967 8.0000 0.0011 0.9491 406.6667 0.1733 
Minimum 0.1400 0.1833 3.1033 13.0000 0.0006 0.7088 653.3333 0.2467 
 
 
10% of Bagasse (Conventional oven)       
Specimen 
Avg.Thickness 
(mm) 
Avg.Width(mm) Area(mm^2) Peak Load(N) Strain 
Tensile 
Strength(N/mm^2) 
Youngs 
Modulus(N/mm^2) 
Offset Yield 
Strength(N/mm^2) 
1 10.01 9.26 92.66 2528.00 0.008 27.28 3491.00 18.19 
2 10.04 9.50 95.35 2263.00 0.007 23.73 3541.00 18.99 
3 9.98 9.73 97.10 2359.00 0.007 24.29 3601.00 18.75 
Mean 10.01 9.50 95.04 2383.33 0.007 25.10 3544.33 18.64 
Maximum  0.0300 0.2333 2.0633 144.6667 0.0007 2.1790 56.6667 0.3467 
Minimum 0.0300 0.2367 2.3767 120.3333 0.0004 1.3700 53.3333 0.4533 
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20% of Bagasse (Conventional oven) 
      
Specimen 
Avg.Thickness 
(mm) 
Avg.Width(mm) Area(mm^2) Peak Load(N) Strain 
Tensile 
Strength(N/mm^2) 
Youngs 
Modulus(N/mm^2) 
Offset Yield 
Strength(N/mm^2) 
1 9.80 9.21 90.26 1943.00 0.006 21.53 3406.00 16.39 
2 9.90 9.15 90.65 1853.00 0.007 20.44 3123.00 15.33 
3 9.97 8.27 82.46 2005.00 0.006 24.31 3981.00 16.67 
Mean 9.89 8.88 87.79 1933.67 0.006 22.09 3503.33 16.13 
Maximum  0.0800 0.3333 2.8600 71.3333 0.0002 2.2206 477.6667 0.5400 
Minimum 0.0900 0.6067 5.3300 80.6667 0.0002 1.6530 380.3333 0.8000 
 
 
25% of Bagasse (Conventional oven)       
Specimen 
Avg.Thickness 
(mm) 
Avg.Width(mm) Area(mm^2) Peak Load(N) Strain 
Tensile 
Strength(N/mm^2) 
Youngs 
Modulus(N/mm^2) 
Offset Yield 
Strength(N/mm^2) 
1 9.79 10.22 100.05 1910.00 0.007 19.09 2836.00 13.99 
2 10.05 9.94 99.90 1762.00 0.006 17.64 3001.00 11.21 
3 10.06 10.27 103.38 2240.00 0.006 21.67 3904.00 16.44 
Mean 9.97 10.14 101.11 1970.67 0.006 19.47 3247.00 13.88 
Maximum  0.0933 0.1267 2.2700 269.3333 0.0007 2.2024 657.0000 2.5590 
Minimum 0.1767 0.2033 1.2100 208.6667 0.0005 1.8276 411.0000 2.6710 
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0% of Bagasse (Microwave) 
      
Specimen 
Avg.Thickness 
(mm) 
Avg.Width(mm) Area(mm^2) Peak Load(N) Strain 
Tensile 
Strength(N/mm^2) 
Youngs 
Modulus(N/mm^2) 
Offset Yield 
Strength(N/mm^2) 
1 9.07 9.93 90.06 3800.00 0.014 42.19 3048.00 28.51 
2 9.07 9.93 90.06 4191.00 0.014 46.54 3267.00 21.33 
3 9.26 9.98 92.38 3334.00 0.011 36.09 3181.00 23.19 
Mean 9.13 9.95 90.83 3775.00 0.013 41.61 3165.33 24.34 
Maximum  0.1267 0.0333 1.5467 416.0000 0.0011 4.9290 101.6667 4.1673 
Minimum 0.0633 0.0167 0.7733 441.0000 0.0018 5.5165 117.3333 3.0127 
 
 
5% of Bagasse (Microwave)       
Specimen 
Avg.Thickness 
(mm) 
Avg.Width(mm) Area(mm^2) Peak Load(N) Strain 
Tensile 
Strength(N/mm^2) 
Youngs 
Modulus(N/mm^2) 
Offset Yield 
Strength(N/mm^2) 
1 9.21 10.14 93.42 2236.00 0.007 23.93 3258.00 16.88 
2 8.43 9.82 82.78 1780.00 0.008 21.50 2639.00 22.03 
3 8.56 9.87 84.49 2105.00 0.009 24.91 2710.00 17.87 
Mean 8.73 9.94 86.90 2040.33 0.008 23.45 2869.00 18.93 
Maximum  0.4767 0.1967 6.5233 195.6667 0.0010 1.4636 389.0000 3.1033 
Minimum 0.3033 0.1233 4.1167 260.3333 0.0009 1.9479 230.0000 2.0467 
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10% of Bagasse (Microwave) 
      
Specimen 
Avg.Thickness 
(mm) 
Avg.Width(mm) Area(mm^2) Peak Load(N) Strain 
Tensile 
Strength(N/mm^2) 
Youngs 
Modulus(N/mm^2) 
Offset Yield 
Strength(N/mm^2) 
1 9.23 9.94 91.78 2461.00 0.008 26.81 3160.00 18.19 
2 8.69 9.99 86.84 2340.00 0.008 26.95 3191.00 18.99 
3 9.55 10.02 95.72 1454.00 0.005 15.19 3217.00 18.75 
Mean 9.16 9.98 91.45 2085.00 0.007 22.98 3189.33 18.64 
Maximum  0.3933 0.0367 4.2733 376.0000 0.0013 3.9627 27.6667 0.3467 
Minimum 0.4667 0.0433 4.6067 631.0000 0.0025 7.7933 29.3333 0.4533 
 
 
15% of Bagasse (Microwave)       
Specimen 
Avg.Thickness 
(mm) 
Avg.Width(mm) Area(mm^2) Peak Load(N) Strain 
Tensile 
Strength(N/mm^2) 
Youngs 
Modulus(N/mm^2) 
Offset Yield 
Strength(N/mm^2) 
1 9.64 9.85 95.02 2345.00 0.007 24.68 3614.00 16.72 
2 9.39 9.96 93.52 1971.00 0.006 21.08 3437.00 16.40 
3 9.50 10.01 95.06 2182.00 0.007 22.95 3147.00 16.82 
Mean 9.51 9.94 94.53 2166.00 0.007 22.90 3399.33 16.65 
Maximum  0.1300 0.0700 0.5267 179.0000 0.0005 1.7761 214.6667 0.1733 
Minimum 0.1200 0.0900 1.0133 195.0000 0.0006 1.8272 252.3333 0.2467 
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20% of Bagasse (Microwave) 
      
Specimen 
Avg.Thickness 
(mm) 
Avg.Width(mm) Area(mm^2) Peak Load(N) Strain 
Tensile 
Strength(N/mm^2) 
Youngs 
Modulus(N/mm^2) 
Offset Yield 
Strength(N/mm^2) 
1 9.99 10.90 108.89 2229.00 0.007 20.47 2937.00 16.39 
2 9.77 9.85 96.17 1997.00 0.007 20.77 3044.00 15.33 
3 10.19 10.62 108.22 2273.00 0.007 21.00 3167.00 16.67 
Mean 9.98 10.46 104.43 2166.33 0.007 20.75 3049.33 16.13 
Maximum  0.2067 0.4433 4.4633 106.6667 0.0002 0.2572 117.6667 0.5400 
Minimum 0.2133 0.6067 8.2567 169.3333 0.0002 0.2761 112.3333 0.8000 
 
 
25% of Bagasse (Microwave)       
Specimen 
Avg.Thickness 
(mm) 
Avg.Width(mm) Area(mm^2) Peak Load(N) Strain 
Tensile 
Strength(N/mm^2) 
Youngs 
Modulus(N/mm^2) 
Offset Yield 
Strength(N/mm^2) 
1 10.27 10.11 103.83 2305.00 0.006 22.20 3532.00 13.99 
2 9.93 9.91 98.47 3475.00 0.010 35.29 3539.00 11.21 
3 9.92 9.87 97.91 4814.00 0.017 49.17 2936.00 16.44 
Mean 10.04 9.96 100.07 3531.33 0.011 35.55 3335.67 13.88 
Maximum  0.2300 0.1467 3.7600 1282.6667 0.0057 13.6152 203.3333 2.5590 
Minimum 0.1200 0.0933 2.1600 1226.3333 0.0047 13.3527 399.6667 2.6710 
 
